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KARL HINSBERG ZUM 65. GEBURTSTAG 


Am 29. Juli 1959 vollendet Professor Dr. phil. KARL HINSBERG das 65. Lebens- 
jahr. Will man anlasslich dieses Festtages Pers6nlichkeit und Lebenswerk des Jubilars 
in seiner ganzen Bedeutung erfassen, so ist es erforderlich, Riickschau auf die metho- 
dischen Méglichkeiten und den Stand der klinischen Chemie Anfang der 20-iger Jahre 
zu halten. 

Nach dem Chemiestudium und der Promotion an der Universitat Freiburg ging 
er an die Medizinische Klinik der gleichen Hochschule, um hier als Leiter des Labora- 
toriums in enger Zusammenarbeit mit EPPINGER den Anspriichen, die die analytische 
Chemie an die ““Methodik”’ stellt, auch in der Medizin und der Biologie tiberhaupt 
Geltung zu verschaffen. Hier in Freiburg und spater als Dozent in K6In sammelte er 
die Erfahrungen, die er spater als Leiter der chemischen Abteilung des pathologischen 
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Institutes der Universitat Berlin gemeinsam mit K. LANG in dem Werk “‘Medizinische 
Chemie’ niederlegte. Im Jahre 1938 erschien die erste Auflage dieses heute welt- 
bekannten Standardwerkes, und es war sicherlich sein schénstes Geschenk an die 
Medizin, der er sich stets eng verbunden fiihlte. Nach dem letzten Kriege stellten sich 
ihm als Ordinarius fiir physiologische Chemie an der Medizinischen Akademie Diissel- 
dorf neue und schwierige Aufgaben. Es galt ein Institut aufzubauen, einen neuen Stab 
von Mitarbeitern um sich zu sammeln und neue Arbeitsméglichkeiten zu erschliessen, 
Aufgaben, die heute weitgehend gelést sind. Immer aber widmete KARL HINSBERG 
einen wesentlichen Teil seiner Arbeitskraft und Zeit klinisch-chemischen Problemen, 
sei es durch eigene Arbeiten im Laboratorium, sei es durch redaktionelle Tatigkeit. 
Als Vorsitzender der Sektion fiir klinische Chemie in der Deutschen Gesellschaft fiir 
physiologische Chemie vertritt er die Disziplin, die er selbst mitgeschaffen und aus- 
gebaut hat, auf nationaler und internationaler Ebene. 

Wer die Pers6énlichkeit KARL HINSBERG kennt, seine undoktrindre liebens- 
wiirdige Art, als Institutsleiter primus inter pares zu sein und seine Abneigung gegen 
jede Foérmlichkeit, der mag sich die Frage vorlegen, ob ein Gedenken seines 65. Ge- 
burtstages nicht Unwillen in ihm erregen kénne. Die Achtung und Verehrung, die 
Freunde und Mitarbeiter ihm entgegenbringen, lassen jedoch fiir derartige Uber- 
legungen keinen Raum. Sie alle verbinden ihre herzlichen Gliickwiinsche mit der Hoff- 
nung auf weitere Jahre ungetriibter Schaffenskraft. 
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METHODEN ZUR CORTICOIDBESTIMMUNG 
IM MENSCHLICHEN HARN 


UBERBLICK UND VERGLEICHENDE UNTERSUCHUNGEN 


R. RAFTOPOULO, Hy. STAUDINGER* unp L. WEISSBECKER, 
unter Mitarbeit von V. BAUER 


Zentrallaboratorium der Stddtischen Krankenanstalten, Mannheim und II. Medizinische 
Klinik der Staédtischen Krankenanstalten, Karlsruhe (Deutschland) 


In den letzten Jahren wurde eine Reihe von analytischen Methoden zur Bestim- 
mung der Corticoide im Harn beschrieben. Die Vielzahl dieser beschriebenen Verfahren 
und die mannigfachen Vorschlage zur Abanderung und Variation zu jeder einzelnen 
Methode lassen schon vermuten, dass keine der angegebenen Vorschriften voll be- 
friedigen konnte; erst in letzter Zeit scheinen sich einige wenige Methoden als Stan- 
dardmethoden durchzusetzen. Um fiir die Klinik den brauchbarsten Modus heraus- 
zufinden, wurden bereits mehrfach vergleichende Untersuchungen durchgefiihrt. 

Es kann nicht Aufgabe dieser Arbeit sein, simtliche in der Literatur niedergeleg- 
ten Verfahren und deren Varianten kritisch zu wiirdigen. Es soll hier lediglich erneut 
der Versuch unternommen werden, einige in der Klinik vielfach benutzte Methoden 
miteinander zu vergleichen und auf ihre klinische Brauchbarkeit zu priifen. 

Die klinische Brauchbarkeit einer Methode hangt, wie man weiss, nicht nur von 
der Empfindlichkeit und der Spezifitat, sondern haufig auch ebenso sehr von der Ge- 
schwindigkeit und Handlichkeit ihrer Durchfiihrung ab. Die ‘‘klinische Brauchbar- 
keit’’ ist eine Resultante aus Genauigkeit, Spezifitat und Handlichkeit. Es wird natiir- 
lich immer erstrebenswert sein, bei einer handlichen Methode Spezifitat und Genauig- 
keit soweit wie méglich zu treiben. 

Will man die Nebennierenrindenfunktion priifen, muss man sich im allgemeinen 
damit begniigen, die wesentlichen Metaboliten der Corticosteroide im Harn, d.h. die 
Corticoide, zu erfassen, und zwar als Gesamtcorticoide. Definierte Stoffwechselpro- 
dukte der drei bekannten sezernierten Nebennierenrindenhormone (17-Oxycortico- 
steron, Corticosteron und Aldosteron) zu bestimmen, ist prinzipiell mit chromatogra- 
phischen Trennungsverfahren méglich. Darauf gehen wir in unserer Arbeit nicht ein, 
weil sie fiir ein klinisches Laboratorium im allgemeinen zu kompliziert und zeitrau- 
bend sind. Wir befassen uns hier mit den Methoden, die die Gesamtcorticoidaus- 
scheidung im Harn bestimmen. Die Corticoide des Harns sind also ein Gemisch von 
biologisch inaktiven Stoffwechselprodukten der Corticosteroide, hauptsachlich durch 
Reduktion der /\4-3-Ketogruppe im Ring A der Corticosteroide entstanden. Die 
iibrigen chemischen Charakteristica der Corticosteroide, so die Sauerstoffreaktion am 
C-Atom 11 und die a-Ketol- oder Dioxyacetonseitenkette sind aber meist erhalten 
(Reduktion am C-Atom 20 kommt zwar auch vor). 





* Meinem Vorganger in Mannheim, Herrn Professor Dr. S. LOEWE zum 75. Geburtstag 
gewidmet. 
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Es handelt sich also bei allen chemisch-analytischen Reaktionen zur Bestimmung 
der Corticoide um Gruppenbestimmungen, und zwar sind alle diese Methoden darauf 
ausgerichtet, die fiir die Corticoide charakteristische Seitenkette an C 17 mit folgen- 
den Konfigurationen zu erfassen: 


eas CH,OH CH,OH CH,OH 
| | 
ee C=0 . CHOH C=O CHOH 
sere a cal Ee 
CTD cl D 00S Se vias AE Biers 

LA “a Fee Ne ee 

R, = « oder 8 —OH 
: gg R, = « oder B —H 

R, = 8 —OH oder = O 


Die in dieser Arbeit beschriebenen Methoden beschranken sich ausschliesslich 
auf die Corticoidbestimmung im Harn. 

Eine Corticoidbestimmung im Serum hat nur in besonderen Fallen und dann auch 
eine sehr beschrankte Bedeutung, z.B. fiir eine Nebennierenrindenfunktionspriifung 
nach ACTH-Stimulierung und wahrend einer Cortisonbehandlung. Fiir klinische 
Zwecke geniigt es sonst meist, die Corticoide im 24-Std.-Harn zu bestimmen. 

Da die Konzentration der Corticoide im Harn relativ gering ist, und ferner zahl- 
reiche st6rende Begleitsubstanzen vorkommen, miissen vor jeder Bestimmung die 
Corticoide angereichert und so weit wie mdéglich von den Begleitsubstanzen abge- 
trennt werden. Dies geschieht durch Verteilen zwischen organischen Lésungsmitteln 
(Aether, Chloroform) und Wasser oder wassrigem Alkohol. 

Die Corticoide sind nur in freier Form lipoidléslich. Im Harn erscheinen sie jedoch 
in wasserléslicher Form an Glucuronsdure (oder Schwefelsdure?) gekoppelt. Die 
Hydrolyse der glycosidischen Bindung (oder Esterbindungen) ist ein wesentliches 
Problem bei allen Corticoidbestimmungen. Eine Hydrolyse mit konzentrierter Salz- 
sdure oder Schwefelsdure, wie sie bei der Bestimmung der 17-Ketosteroide gewahlt 
wird, ist nicht méglich, da die Corticoide stureempfindlich sind und bei der Hydrolyse 
zerst6rt werden. 

Heute wird fast ausschliesslich die enzymatische Hydrolyse mit /-Glucuronidase 
angewandt. Daneben gibt es Versuche, die Corticoide direkt als Glucuronide zu be- 
stimmen (Methode von REDpy) und so die Hydrolyse zu umgehen, bzw. die Hydroly- 
se erst dann einzuschalten, nachdem die séureempfindlichen Corticoide zu sduresta- 
bilen 17-Ketosteroiden oxydiert worden sind (Methode von NORYMBERSKI). 

Bei der quantitativen Corticoidbestimmung erfasst man grundsatzlich nur die 


Seitenkette an C 17 und zwar: 
(1) Durch Behandeln mit Perjodsdure wird Formaldehyd oxydativ abgespalten und 


bestimmt; 

(2) Mit Kupfersalzen, Phosphomolybdat, Tetrazoliumsalzen, Kaliumferricyanid u.a. 
kann die Reduktionsfahigkeit der «-Ketolseitenkette gemessen werden ; 

(3) Mit Phenylhydrazin-Schwefelsdure wird die Dioxyacetonseitenkette erfasst ; 

(4) Durch Behandeln mit Perjodsdure, mit Natriumwismutat oder mit Chromsdure 
wird die Seitenkette oxydativ abgespalten. Die so entstehenden 17-Ketosteroide 
werden nach ZIMMERMANN bestimmt. 
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Zu (1). 1937/38 machten BUTLER UND MARRIAN?: ® die ersten Versuche, Ste- 
roide mit einer 21-Desoxy-17,20-Glykolseitenkette quantitativ zu bestimmen, indem 
die Seitenkette mit Perjodsdure abgebaut wird, wobei Acetaldehyd entsteht. Cox®: 4 
versuchte 1951 und 1952, diese ersten Versuche zu reproduzieren. 

LOEWENSTEIN et al®, und DAUGHADAY ef al.* und CORCORAN é al.” tibertrugen 
1950 das Verfahren auf die eigentlichen Corticoide mit einer Hydroxylgruppe an C 21. 
Aus den Corticoiden entsteht bei der Perjodséurebehandlung Formaldehyd, der 
relativ einfach colorimetrisch quantitativ bestimmt werden kann. Auf diese Weise 
lassen sich Corticoide mit einer Seitenkette folgender Konfiguration bestimmen: 


CH,OH CH,OH oe EG 
| 
R, C=O CHOH C=O : CHOH 
sas Se i, ae usd 
C|D | C| D AS Raa SE OR aes 





AO Cad yaa — 
“AY 


1 

Die Formaldehydmethode war langere Zeit sehr verbreitet, hat sich jedoch bei 
genaueren Nachpriifungen nicht bewahrt. BAYLIss*® wies 1952 nach, dass diese Me- 
thode nicht oder nur sehr schwer reproduzierbar ist. MARRIAN UND PATERSON ® zeigten 
1953, dass im Urin neben den bei pH I und Zimmertemperatur relativ bestandigen 
Corticoiden auch formaldehydbildende Stoffe vorkommen, die bei den angegebenen 
Bedingungen zerstért werden. Andererseits werden andere Substanzen mit extrahiert 
(z.B. Olsdureester, Vitamin A)*, die mit Perjodsaure auch Formaldehyd bilden. 
Ausserdem sind im Harn Substanzen nachzuweisen, die Formaldehyd binden. Diese 
verschiedenen und gegenlaufigen Effekte iiberlagern sich. Aus diesem Grunde hat 
man in letzter Zeit die Formaldehydmethode im allgemeinen verlassen und sich an- 
deren Methoden zugewandt. Deshalb wird in der folgenden vergleichenden Unter- 
suchung die “‘Formaldehydmethode’’ nicht beriicksichtigt. 


Zu (2). Eine andere Méglichkeit zu einer Corticoidbestimmung liegt darin, die 
reduzierende Wirkung der «-Ketolseitenkette mit Cu++-Komplexen (1942/45 TALBOT 
et al.°-12), mit Phosphorsduremolybdat (STAUDINGER é¢ al.18-15, HEARD UND SOBEL 
et al.®, 17), mit Tetrazoliumsalz (ZAFFARON et al.18, HOFMANN UND STAUDINGER?®, 
MADER UND Buck”, CHEN et al.*1), oder mit Kaliumferricyanid (BROADBENT é¢ al.??) 
zu messen. Erfasst werden mit diesen Methoden nur die Corticoide mit einer «-Ketol- 
seitenkette: 


CH,OH 
- t=0 
cl p |~OH 





Ein Nachteil dieser ““Reduktionsmethoden’’ ist eine relativ geringe Spezifitat, 
da die Corticoide auch nach dem Reinigen und Anreichern noch von unspezifischen 


Literatur S. 483 





466 R. RAFTOPOULO, HJ. STAUDINGER, L. WEISSBECKER VOL. 4 (1959) 


reduzierenden Substanzen begleitet werden. Von den bekannten ‘‘Reduktionsmetho- 
den” wurden fiir diese Arbeit nur die Methode nach STAUDINGER und die Tetrazol- 
blau-Methode nach CHEN®! u.a. gewahlt. 

STAUDINGER hat die Reduktionsmethode mit Phosphormolybdat dadurch spe- 
zifischer gestaltet, dass er die Alkali-Empfindlichkeit der «-Ketolseitenkette ausnutzte 
und ein Differenzverfahren einfiihrte 1*. Diese Methode wurde dann durch kontinuier- 
liche Dialyse bei gleichzeitiger enzymatischer Hydrolyse, wodurch eine Reinigung der 
Corticoidextrakte erreicht wird, weiter verbessert }. 

Die Bestimmung der «-Ketole nach CHEN?! mit Tetrazol-blau-Salz ist spezifischer, 
so dass sich ein Differenzverfahren eriibrigt. Die Sdurehydrolyse bei der Original- 
methode von CHEN bedeutet gegeniiber der Methode nach STAUDINGER einen Nach- 
teil. Wir haben deshalb in dieser Arbeit die Hydrolyse und Dialyse nach STAUDINGER © 
mit der Tetrazolium-blau-Reaktion von CHEN?! kombiniert. 

Noch im Verlauf dieser vergleichenden Untersuchungen erschien eine Arbeit von 
TELLER UND STAIB?%, die den gleichen Gedanken verwirklicht und diese “‘kombinierte 
STAUDINGER-CHEN-Methode”’ mit der Original-STAUDINGER-Methode verglichen ha- 
ben. Das Ergebnis dieses Vergleichs zeigte eine Differenz zwischen den Mittelwerten 
von 33 verschiedenen menschlichen Harnen von 2.4 mg/24 Std., wobei die Werte 
nach STAUDINGER hoher lagen. 


Zu (3). Auf Grund einer Arbeit von ASHBEL UND SELIGMAN” tiber Reaktion 
aktiver Carbonylgruppen in Steroiden mit Phenylhydrazin in Schwefelsdure ent- 
wickelten PORTER UND SILBER® eine Farbreaktion zur quantitativen Bestimmung 
von 17-Hydroxycorticoiden; Corticoide ohne 17-Hydroxygruppe (also z.B. Corticoste- 
ronmetaboliten) werden nicht erfasst, sondern nur Steroide mit folgendem Gruppen- 
merkmal: 


Diese Farbreaktion stellt heute zweifellos eine der wichtigsten Nachweisreak- 
tionen fiir 17-Hydroxycorticoide dar und bildet die Grundlage sehr zahlreicher Me- 
thoden und Methodenvariationen zur Bestimmung der 17-Hydroxycorticoide im 
Harn und Blut. Meist werden zuvor die 17-OH-Corticoidglucuronide erst durch Glu- 
curonidase gespalten, die freien Corticoide dann in iiblicher Weise angereichert. 

REDDY, JENKINS UND THORN” zeigten 1952, dass die Corticoid-Glucuronide aus 
dem Harn bei pH 1 direkt mit Butanol extrahierbar sind und dass die Farbreaktion 
mit Phenylhydrazin nach PORTER UND SILBER®> direkt mit den ungespaltenen Glu- 
curoniden durchfiihrbar sei. So lasst sich die Hydrolyse mit Glucuronidase umgehen. 

Die sehr einfache und handliche Methode von REppy ** wurde haufiger kritisiert, 
da sie recht unspezifisch sei; es zeigte sich, dass auch Nichtsteroide wie Paraldehyd, 
Chloralhydrat, Kaliumjodid (MARKS UND LEFTIN?’) eine Reaktion mit Phenyl- 
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hydrazinschwefelsdure geben. Auch nach einer Chinintherapie oder mit Jod werden 
nach der Methode von REDDY unspezifisch hohe Werte gefunden. Ein weiterer 
Nachteil der Methode ist der Umstand, dass verschiedene 17-Hydroxy-corticoidglu- 
curonide mit Phenylhydrazin und Schwefelsdure eine verschieden starke Farbreak- 
tion geben *‘, #5, Trotz dieser bekannten Nachteile haben wir uns entschlossen, diese 
Methode zum Vergleich mit zu priifen, da sie besonders einfach und schnell durchzu- 
fiihren ist, was fiir die Klinik und fiir das klinisch-chemische Laboratorium wichtig ist. 


Zu (4). TALBOT UND EITINGON®®, FIESER, FIELDS UND LIEBERMAN ** bestimm- 
ten 1944 im Anschluss an die Arbeiten von REICHSTEIN ef al.® die Corticoide durch 
einen oxydativen Abbau der Seitenkette mit Perjodsdure, wobei 17-Ketosteroide 
entstehen, die mit der ZIMMERMANN-Methode relativ einfach zu erfassen sind. Die 
Differenz zwischen den neu entstandenen und den vorher bestimmten, urspriinglich 
vorhandenen 17-Ketoisteroiden ergibt den Gehalt an den sogenannten ‘‘17-ketogenen 
Steroiden’’. Die Reaktion war aber schlecht reproduzierbar, weshalb sie sich nicht 
durchsetzen konnte.* Hingegen gelang es NORYMBERSKI*!-*8 1952/53, 17-Hydroxy- 
corticoide mit Natriumwismutat in glatter und einfacher Reaktion zu den entsprech- 
enden 17-Ketosteroiden (11-Keto-Atiocholanolon, 118-OH-Atiocholanolon) zu oxy- 
dieren. Mit dieser Methode werden alle Corticoide mit einer 17-Hydroxygruppe er- 


fasst. 
ausserdem und 


CH, 


| 
C=O 
OH 


ne 
Cc 


| D 
ll 


nach besonderer 
Vorbereitung mit 
NaBH, 


Steroide mit einer 21-Desoxy-20, 17-ketolgruppe werden nicht zu 17-Ketoste- 
roiden abgebaut. Der Anteil dieser Steroide ist aber unter normalen Bedingungen 
gering (0.05—0.5 mg/Tag), jedoch kann er bei adrenogenitalem Syndrom erhoht sein. 
Dann ist es nicht unwichtig, auch diese Corticoide erfassen zu kénnen. Dies gelingt, 
wenn die Ketogruppe am C-Atom 20 vor der Natriumwismutatoxydation mit Natrium- 
borhydrid zu einer Hydroxylgruppe reduziert wird, so dass aus der 21-Desoxy-20, 
17-Ketolseitenkette eine 17, 20-Glykolseitenkette wird, die mit Natriumwismutat zu 
einer 17-Ketogruppe oxydiert wird.** Die Differenz der Bestimmung vor und nach 
Reduktion mit Natriumborhydrid ergibt den Gehalt an C-21-Desoxy-17-Oxysteroi- 
den. Auch zu der Methode von NORYMBERSKI*!-%3 wurden zahlreiche Modifika- 
tionen angegeben, die aber meist relativ bedeutungslos sind. 

Fiir die vergleichende Untersuchung in unserer Arbeit haben wir die Original- 
methode von NORYMBERSKI*!~-%3 gewahlt. 

Abschliessend sei nochmals der Sinn dieser Arbeit betont: es soll durch einen 
eingehenden Vergleich zwischen einigen der bekanntesten, in der Literatur beschrie- 
benen Methoden zur Bestimmung der Corticoide im Harn die Methode herausgefun- 
den werden, die in Bezug auf Genauigkeit, Spezifitat wud Handlichkeit uns fiir den 
Gebrauch im klinisch-chemischen Routine-Laboratorium am geeignetsten erscheint. 
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Zur Beantwortung wissenschaftlicher Fragen wird man sicher meist héhere Anfor- 
derungen an die zu wahlende Methode stellen und dabei einen héheren Aufwand in 


Kauf nehmen miissen. 


ARBEITSVORSCHRIFTEN FUR DIE ANGEWANDTEN METHODEN 


(x) Methode von Staudinger et al. 

20 ml eines exakt gesammelten und gemischten 24-Stunden-Harns werden zur 
Sterilisation und Inaktivierung proteolytischer Enzyme, die die Glucuronidase inak- 
tivieren, kurz auf 100° erhitzt. Danach wird eine Spatelspitze Natriumacetat zuge- 
fiigt und mit Eisessig auf pH 4.5 eingestellt. Nachdem 2500 E Leberglucuronidase* 
dem so vorbehandelten Harn zugefiigt worden sind, wird das Gemisch in einen Dialy- 
sierschlauch** von 5 cm Durchmesser gefiillt und dieser in ein Becherglas mit 40 ml 
Acetatpuffer von pH 4.5 gelegt. Zur Aussenfliissigkeit werden 20 ml Chloroform ge- 
geben. Dadurch wird das Dialysiergleichgewicht zugunsten der Aussenfliissigkeit ver- 
schoben, da die Corticoide in Chloroform besser léslich sind als in Wasser. Ausserdem 
schiitzt die Chloroformzugabe vor bakterieller Verunreinigung des Ansatzes. Hydro- 
lyse und Dialyse werden 72 Std. im Brutschrank bei 37° durchgefiihrt, wobei die 
Aussenfliissigkeit und das Chloroform nach 24 Std. und nach 48 Std. gewechselt wer- 
den. Die vereinigten Dialysate werden 3 mal mit 10 ml Chloroform extrahiert, nach- 
dem das zur Dialyse mitverwandte Chloroform zur ersten Extraktion benutzt worden 
ist. Der Chloroformextrakt wird dann jeweils mit 10 ml N-NaOH, Io ml 1/10 N 
NaOH und 10 ml 1/10 N-Schwefelsdéure gewaschen, mit einer Spatelspitze Natrium- 
sulfat (p.a., wasserfrei) getrocknet, filtriert (Schleicher & Schiill No. 587 E) und in zwei 
genau gleiche Teile geteilt und von beiden Portionen das Chloroform bei verminder- 
tem Druck und Aussentemperatur bis 45° eingedampft. In der einen Halfte werden 
die Corticoide durch einstiindiges Erhitzen auf 100° mit 2 ml 1/10 N-NaOH in Gegen- 
wart von Luftsauerstoff zerstért. Danach wird mit 2 ml N/Io Elisessigséure + 3 
Tropfen gerade eben angesduert und im filtrierten Luftstrom zur Trockne auf dem 
Wasserbad bei 100° eingedampft. Dieser Teil dient als Leerwert. Die beiden Trocken- 
riickstaénde werden jeweils in 5 ml Eisessig gelést. Davon werden 4 ml genommen und 
diese mit 0.5 ml Reagens 1 Std. gekocht, im kalten Wasser abgekiihlt und auf 10 ml 
mit Eisessig aufgefiillt. Der Leerwert ist triibe und wird filtriert. Die Molybdian- 
blaureaktion wird gegeneinander bei einer Wellenlange zwischen 690 und 720 mu 
(je nach vorhandenem Photometer) photometriert. 

Reagens A: 14.6 g MoO; + 8.0 g NaOH + 50 ml H,O dest. 
Reagens B: 32 ml H,PO, 85%ig p.a. + 18 ml H.SO, 45%ig p.a. 

Fiir die Bestimmung wird jeweils frisch 1 Teil von Reagens A und 4 Teile von 

Reagens B gemischt. 


(2) TTC-blau-Methode von Chen (modifiziert von Statb bzw. Staudinger) 


5 ml Harn + 5 ml Acetatpuffer pH 4.5 werden kurz auf 100° erhitzt, abgekihlt 
und mit Essigsdure auf pH 4.5 eingestellt. Dazu werden 2500 E Leberglucuronidase* 
gegeben. Das Gemisch wird in einen Dialysierschlauch von 5 cm Durchmesser** 





* Firma Schering AG, Berlin. 
** Firma Kalle & Co., Wiesbaden-Biebrich. 
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gefillt, der Dialysierschlauch in ein Becherglas mit 35 ml Acetatpuffer von pH 4.5 
und 15 ml Chloroform gelegt. Der Dialysieransatz wird im Brutschrank bei 37° stehen 
gelassen, nach 24 und 48 Std. werden Aussenflissigkeit und Chloroform gewechselt. 
Nach 72 Std. werden die Dialysate vereinigt und 3 mal mit 10 ml Chloroform aus- 
geschiittelt, nachdem bereits einmal mit dem Chloroform der Aussenfliissigkeit aus- 
geschiittelt worden ist. Die Chloroformlésung wird einmal mit 10 ml N-NaOH, 
einmal mit 10 ml 1/10 N-Schwefelsdaure gewaschen, danach mit Natriumsulfat (p.a., 
wasserfrei) getrocknet und bei vermindertem Druck und 45° eingedampft. Der 
Trockenriickstand wird in 1.6 ml gereinigtem Aethanol (aldehydfrei) gelést, dazu 
0.2 ml Cholinbase* und 0.2 ml TTC-blau-Reagens gegeben. Der Ansatz wird vor- 
sichtig gemischt und 2 Std. bei Zimmertemperatur im Dunkeln im verschlossenen 
Reagensglas stehen gelassen. Danach wird bei 546 mu** photometriert. 


Reagentien : 
I. 2 ml 50% ige Cholinbase wassrig auf 100 ml mit gereinigtem Aethanol auffiillen. 
II. 0.5 g Tetrazoliumblau*** in 1-2 ml Wasser im siedenden Wasserbad lésen 
und auf 100 ml mit Aethanol (gereinigt) auffiillen. Beide L6sungen sind im Eisschrank 


aufzubewahren. 


(3) Methode von Reddy 

10 ml Harn werden mit 50% iger Schwefelsdure auf pH I-2 gebracht, mit 2.5 g 
Natriumsulfat (p.a., wasserfrei) versetzt und mit 10 ml Butanol (Vorbereitung des 
Butanols s. unten) versetzt und 5 Min. kraftig ausgeschiittelt. Die wassrige Phase 
wird verworfen, nachdem das Butanol—Harngemisch 5 Min. bei 2500 g zentrifugiert 
wurde. 

5 ml des Butanolextraktes werden mit 0.5 bis 1.0g Soda (wasserfrei) kraftig ge- 
schiittelt, das Ganze lasst man 3-5 Min. stehen und zentrifugiert danach wieder 5 Min. 
bei 2500-3000 g. Anschliessend wird sofort ein aliquoter Teil fiir die Farbreaktion 


abpipettiert. 


Vorbereitung des Butanols. Zu 1000 ml n-Butanol kommen 100 ml Phenylhydra- 
zin—Schwefelsdure. Die Mischung eine Woche stehen lassen. Diese Lésung wird zweimal 
met je 500 ml dest. Wassers gewaschen. Nachdem 30 g Natriumsulfat hinzugefiigt 
wurden, bleibt das Butanol 18-20 Std. im Eisschrank stehen, danach wird von der 
wassrigen Schicht dekantiert, dann bei 117° destilliert (evt. zweimal). Die Extinktion 
fiir das so gereinigte Butanol soll in 1-cm Kiivetten im Eppendorf-Photometer bei 
Wellenlange 405 my nicht hoher sein als 0.025. 


Farbreaktion: Es werden neben dem Leerwert fiir jede Bestimmung zwei Ansatze 

gemacht. 
A. 1 ml Butanolextrakt 

4 ml Porter-Silber-Reagens 
B. 1 ml Butanolextrakt 

4 ml Schwefelsdure 65 %ig 

E = A—B (vergl. S. 474) 

* Firma Schuchardt, Miinchen. 


** Eppendorf-Photometer 
*** Farbwerke Bayer. 
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C. Leerwert. 
(a) x ml Butanol 
4 ml Porter-Silber-Reagens 
(b) x ml Butanol 
4 ml Schwefelsdure 
a—b = C = Leerwert. Berechnung vergl. S. 475. 


Die Ansatze werden 20 Min. in ein Wasserbad von 60° gestellt und anschliessend 5 
Min. unter fliessendem Wasser abgekiihlt und dann sofort in 1-cm Kiivetten im Ep- 
pendorf-Photometer bei Wellenlange 405 my photometriert. 


Porter-Silber-Reagens. Umkristallisation von Phenylhydrazinhydrochlorid: Phe- 
nylhydrazinhydrochlorid wird in wenig dest. abs. Alkohol unter Erwarmen gelést und 
die Lésung auf Zimmertemperatur abgekiihlt und mindestens fiir 1 Std. in den Eis- 
schrank gestellt. Die wieder ausgefallenen Kristalle saugt man auf einer Glasfilter- 
nutsche ab und trocknet sie in einem Exsiccator (gefiillt mit CaCl,, wasserfrei, p.a.). Die 
Kristalle miissen fast farblos sein. 65 mg dieser getrockneten Kristalle lést man in 
100 ml 65 %iger Schwefelsaure und erhalt damit das gewiinschte Porter-Silber-Reagens. 


(4) Methode von Norymberski 


10 ml Harn werden mit 20 ml Eisessig p.a. und 2 g Natriumwismutat 1 Std. im 
Dunkeln geschiittelt. Nachdem man 10 ml 20%iges Natriumpyrosulfit hinzugefiigt 
hat, wird der Ansatz eine weitere halbe Stunde im Dunkeln geschiittelt (evtl. langer), 
bis alles Natriumwismutat verbraucht ist. Der ganze Ansatz wird mit Io ml konzen- 
trierter Salzsdure versetzt und 20 Min. im kochenden Wasserbad hydrolysiert und 


dann abgekiihlt. Das ganze Hydrolysat wird dann mit 50 ml Ather ausgeschiittelt, 
die wassrige Phase verworfen. Der Atherextrakt wird zweimal mit je 20 ml 10% iger 
NaOH (Vorsicht! Geschieht am besten unter fliessendem kaltem Wasser) und dreimal 
mit aqua dest. bis zur Neutralisation gewaschen. Den Ather destilliert man ab. 


Farbreaktion. Der Trockenriickstand wird gelést in 1 ml Athanol (destilliert, 
aldehydfrei). Dazu gibt man 1 ml 5 N-KOH und 1 ml 2%ige Dinitrobenzollésung 
(alkohol. Lésung). Das ganze Gemisch lasst man 80 Min. bei Zimmertemperatur im 
Dunkeln stehen. 

Der Farbansatz wird zweimal mit 4 ml Benzol extrahiert und der Benzolextrakt 
in ein 10-ml Messkélbchen filtriert, das 2 ml einer alkoholischen Kalilauge enthalt 
(0.025 ml einer 50% iger Kalilauge in 10 ml einer aldehydfreien destillierten absoluten 
Aethanolldésung). Es wird durchgeschiittelt und sofort bei 546 my photometriert. 
Leerwert: 2 ml Aethanol + 8 ml Benzol. 


Vorbereitung des Athers. Ather p.a. wird tiber Nacht mit einer Spatelspitze FeSO, 
angesetzt und am niachsten Tag zu etwa g/I10 destilliert. 


Vorbereitung des Alkohols. 8 g Silbernitrat werden in 10 ml dest. Wassers gelést 
und zu 1200 ml reinem 96%igem Alkohol gegeben. Ausserdem lést man 20 g Atzkali 
in 100 ml reinem warmen Alkohol und gibt diese Lésung zu der Silbernitrat—Alkohol- 
lésung. Diese Lésung bleibt tiber Nacht stehen. Nachdem sich das entstandene Silber- 
oxyd abgesetzt hat, wird der Alkohol noch filtriert und anschliessend abdestilliert. 
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EXPERIMENTELLE VERSUCHSERGEBNISSE 


Zur Methode Staudinger 


(a) Etchung der Methode und Ermittlung des Faktors. Zur Anfertigung der Eich- 
kurve wurde Desoxycorticosteron (DOC) verwandt*, und zwar wurde von einer 
Stammlésung von I0 mgin 10 ml absolutem Alkohol ausgegangen. Wir bestimmten 
die Mittelwerte der Extinktionen fiir 10 bis 100 ug DOC. Die Messung wurde in 1-cm 
Kiivetten bei Filter S 72 im Pulfrich-Photometer durchgefiihrt. Die Ergebnisse zeigt 


Tabelle r. 
TABELLE 1 


EICHWERTE ZUR METHODE STAUDINGER MIT DOC 
(Mittel aus 10 Ansadtzen) 





DOC (ng) Io 20 30 40 50 60 70 80 90 100 





E 0.09 0.19 0.26 0.36 0.44 0.52 O.61 0.71 0.79 0.85 





Der Berechnung wird der Wert von 0.85 zu Grunde gelegt (Extinktion fiir 100 ug 
DOC = 0.85). 

(6) Wtederfindversuch. Die Wiederfindversuche wurden mit Cortison durch- 
gefiihrt. Wir setzten einer Harnmenge von 20 ml eines Normalurins 100 yg Cortison 
zu und bestimmten die Corticoide nach der Methode STAUDINGER. Das Mittel von 
5 Versuchen ergab eine Wiederfindung von 85-90%. 


(c) Mehrfachbestimmung eines Urins. Um Mittelwert, Streuung, Standardab- 
weichung und normale Abweichung vom Mittelwert zu erhalten, haben wir Mehrfach- 
bestimmungen bei zwei verschiedenen Harnen durchgefiihrt. Die gefundenen Werte 


zeigt Tabelle 2. 
TABELLE 2 


ERGEBNISSE VON MEHRFACHBESTIMMUNGEN BEI 
ZWEI VERSCHIEDENEN HARNEN 


(Methode STAUDINGER) 





2.7 12.9 13.9 14.1 I5.1 15.1 
8.7 8.6 9.6 10.0 12.1 


Harn I (mg/r1ooo ml): 10.7 12.5 : \ ae 
Harn II (mg/1ooo ml): 7.3 7 





Die entsprechenden statistischen Berechnungen zu diesen Ergebnissen zeigt 


Tabelle 3. a 
ABELLE 3 


ERGEBNIS DER STATISTISCHEN BERECHNUNGEN 
ZU DEN ERGEBNISSEN VON TAB. 2 
(Methode STAUDINGER) 








Mittel- Standard- Normale A bweichung 
wert Streuung** abweichung** vom Mittelwert** 
mg/Iooo ml mg/Iooo ml mg/rooo ml mg/rooo ml 





Harn I: 13.18 1.68 1.30 
Harn IT: 9.10 1.84 1.35 








* Als die Methode van STAUDINGER eé al. 1942-1944 ausgearbeitet worden ist, stand noch 
kein Cortison zur Verfiigung, sodass DOC als Standard gewahlt wurde. (100 wg Cortison ergeben 
die gleiche Extinktion wie 100 wg DOC). 

** Vergleiche Wissenschaftl. Tabellen Documenta Geigy, 1955, Basel, S. 28. 
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(d) Bestimmung der Schwankungsbreite der Corticotdausscheidung bet evner kit- 
nisch unauffalligen Versuchsperson. Um ein genaues Bild tiber die Verteilung der 
Normalwerte zu den entsprechenden Methoden, die hier verglichen werden sollen, zu 
erhalten, schien es uns wichtig, neben einer Mehrfachbestimmung an einem Urin 
auch eine Corticoidbestimmung bei einer Person an verschiedenen Tagen durchzu- 
fiihren, um auf diese Weise neben der methodischen Streuung eine biologische Streu- 
ung zu erfassen. Wir bestimmten zwischen dem 14. Februar und 20. Marz neunmal 
bei einer klinisch unauffalligen Versuchsperson die Corticoidwerte. St6rungen durch 
Medikamente oder andere Einfliisse, wie physische und psychische Belastungen, 
wurden wahrend dieser Untersuchungen ausgeschlossen. Die Ergebnisse nach der 
Methode STAUDINGER ™ zeigt Tabelle 4. 


TABELLE 4 


UBERBLICK UBER SCHWANKUNGSBREITE DER CORTICOIDAUSSCHEIDUNG 
BEI EINER KLINISCH UNAUFFALLIGEN PERSON 


(Methode STAUDINGER) Patient S, mannlich, 51 Jahre 





A usscheidung 24 Std.-menge 
mg|/24 Std ml 





6.3 goo 
5.0 1000 
6.9 1000 


10.8 1200 
7.5 1000 
8.8 goo 

10.3 950 
7.1 1050 
9.0 750 





Mittelwert 7.96 mg/24 Std. 
Streuung 3-76 mg/24 Std. 
Standardabweichg. 1.94 mg/24 Std. 
Normalabweichung -+ 3.88 mg/24 Std. 


Zur Tetrazol-blau-Methode 


(a) Etchung der Methode und Ermitilung des Faktors. Die Eichkurve fiir diese 
Methode stellten wir mit 17-Hydroxycorticosteron (Cortisol) und Tetrahydrocorti- 
sonacetat auf*. In Tabelle 5 sind die Werte fiir freies Tetrahydrocortison corrigiert 
worden. Es ist einerlei, ob das Steroid in der freien Form oder als Acetat zur Bestim- 
mung genommen wird. Die Reaktion fallt gleich aus, da die Acetate im alkalischen 
Medium bei der TTC-blau-Methode leicht verseift werden. 

Wie aus Tabelle 5 hervorgeht, ist die Eichkurve linear und fiir beide Steroide 
gleich. Aus den gewonnenen Werten ergibt sich fiir die Berechnung der Wert von 
0.031 (Extinktion fiir 1 wg Tetrahydrocortison (3«,17«,21-Trihydroxypregnan-I1,20- 
dion) oder 1 wg 17-Hydroxycorticosteron = 0.031). 

Die Tabelle 5 zeigt die gefundenen Extinktionen oder Eichwerte fiir 2 bis 10 ug 
17-Hydroxycorticosteron und Tetrahydrocortison, gemessen im Eppendorf-Photo- 
meter in I-cm Kleinkiivetten bei 546 my. 





* Fir das Tetrahydrocortisonacetat, Tetrahydrocortison, 17-Hydroxycorticosteron, Cortison 
sowie Desoxycorticosteron sind wir Dr. MuSHETT, Fa. Merck, Institute f. Therapeutical Research, 
Rahway, N. J., sowie Herrn Direktor Dr. A. WETTSTEIN v. d. Ciba, Basel zu Dank verpflichtet. 
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TABELLE 5 
EICHWERTE ZUR [TC-BLAU-METHODE MIT I7-HYDROXYCORTICOSTERON 
UND TETRAHYDROCORTISON 
(Mittel aus je 6 Ansatzen) 








17-Hydroxycorticosteron Tetrahydrocortison 
2 0.061 0.068 
4 0.129 0.119 
6 0.189 0.178 
8 0.245 0.261 


(b) Wtederfindversuch. Den 5 ml eines Normalurins wurden 10 wg 17-Hydroxy- 
corticosteron zugesetzt und die Corticoide nach der TTC-blau-Methode bestimmt. 
Dieser Versuch wurde 5 mal wiederholt. Im Mittel haben wir 90% wiedergefunden. 

(c) Mehrfachbestimmung eines Urins. Wie bei der Methode STAUDINGER wurde 
eine Mehrfachbestimmung in je zwei verschiedenen Harnen durchgefiihrt. Die Ergeb- 
nisse zeigt Tabelle 6. 

TABELLE 6 


ERGEBNISSE VON MEHRFACHBESTIMMUNGEN BEI ZWEI VERSCHIEDENEN HARNEN 
(Methode TTC-blau) 








Harn I (mg/1o0oo ml): 10.0 10.4 10.4 10.4 10.6 II.0 I1.0 I1.0 I1.0 I1.3 11.3 
Harn II (mg/tooo ml): 18.6 18.6 19.7 20.0 20.7 21.0 21.0 21.7 21.7 





Die statistische Berechnung zu diesen Ergebnissen zeigt Tabelle 7. 


TABELLE 7 


ERGEBNIS DER STATISTISCHEN BERECHNUNGEN ZU DEN ERGEBNISSEN DER TAB. 6 
(Methode TTC-blau) 

















Mittelwert itiiiiiai Standard- Normale A bweichung 
1 6 1 abweichung vom Mittelwert 
ing FOOO ws ine abate mg/rooo ml mg/Iooo ml 
Harn I: 10.76 0.22 0.47 + 0.94 
+ 1.06 


Harn II: 20.33 0.28 0.53 





(d) Bestimmung der Schwankungsbreite der Corticoidausscheidung bet einer klinisch 
unauffalligen Versuchsperson. Auch nach der TTC-blau-Methode bestimmten wir an 
verschiedenen Tagen, und zwar zwischen dem 8. und 28. Oktober, die Corticoidaus- 
scheidungen eines klinisch unauffalligen Mannes unter den gleichen Versuchsbedin- 
gungen wie nach der Methode STAUDINGER. Die erhaltenen Werte zeigt Tabelle 8. 


Zur Methode Reddy 

Eine Eichkurve im engeren Sinn ist bei der Methode REppy** zur Berechnung 
nicht zu verwenden, da die Werte bei der Bestimmung von Reinhormonen sich bei 
den verschiedenen Bestimmungen standig verandern. Wir haben an mehreren Tagen 
jeweils mit frischen Lésungen die Bestimmung nach REDDY mit Cortison, Cortisol 
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TABELLE 8 


UBERBLICK UBER SCHWANKUNGSBREITE DER 
CORTICOIDAUSSCHEIDUNG BEI EINER 
KLINISCH UNAUFFALLIGEN VERSUCHSPERSON 


(Methode TTC-blau) Patient X., mannlich 





A usscheidung 24 Std-menge 


— mg/24 Std. 





8.10. 6.3 
9.10. 
10.10. 
II.10. 


13.10. 
14.10. 
15.10. 
16.10. 


17.10. 
18.10. 
19.10. 
20.10. 


21.10. 
22.10. 
23.10. 
24.10. 


25.10. 
26.10. 
27.10. 
28.10. 


TAM AW BWHO ON 
Nf ee WN & F CO 








Mittelwert 6.34 mg/24 Std. 


Streuung 3.50 mg/24 Std. 
Standardabweichg. 1.87 mg/24 Std. 
Normalabweichung + 3.74 mg/24 Std. 


und Tetrahydrocortison mit immer differierenden Ergebnissen durchgefiihrt. Es ist 
also nétig, zu jeder Bestimmung eine Faktorbestimmung mitlaufen zu lassen. Dass 
aber auch nach der Methode von REeppy die Eichkurve linear verlauft, zeigt Tabelle 9. 


TABELLE 9 


EICHWERTE ZUR METHODE REDDY MIT CORTISON 
(Mittel aus 10 Ansatzen) 





Cortison 
Lg 


E—C 





50 0.12 
100 0.24 
200 0.48 





Die Berechnung bei der Methode REppy erfolgt nach der Formel 
100 x (E—C) 
F x 10 





ug Corticoide/ml = 


bei Einsatz von 10 ml Harn. 

F = Faktor, d.h. die Extinktion (A—B) fiir 100 wg Cortison 

& = Extinktion des Harn-(bzw. Cortison—-)Butanol-Extraktes mit Phenylhydra- 
zinschwefelsaure (A) abziiglich der Extinktion dieses Extraktes mit Schwefelsdure 
(B) (vergleiche S. 469) 
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C = Extinktion von Butanol + Phenylhydrazinschwefelsdure (a) abziiglich der 

Extinktion von Butanol + Schwefelsdure (b) = Leerwert (vergl. S. 470) 

Die Messungen erfolgten im Eppendorf-Photometer in 1 cm-Kiivetten bei 405 muy. 

Bei unseren Wiederfindversuchen setzten wir der zu untersuchenden Harn- 
menge von 10 ml 100 zg Cortison zu und bestimmten dann die Corticoide nach der 
Methode REppy. Da die Faktoren fiir die reinen Steroide von Tag zu Tag differierten, 
waren die absoluten Extinktionen bei ein und demselben Harn auch unterschiedlich. 
Bei Beriicksichtigung des ‘‘Tagesfaktors’’ waren die Ergebnisse aber relativ gleich. 
Bei 7 Versuchen betrug der Verlust im Mittel 5°, was bedeutet, dass wir 95% des 
zugesetzten Steroids wiederfanden. 

Mehrfachbestimmungen. Die Ergebnisse der zehnfachen Bestimmung der Corti- 
coide nach REDDY in einem Normalurin und ihre statistische Auswertung zeigen 
Tabelle 10 und Ir. 

TABELLE Io 
ERGEBNIS DER IO-FACHEN BESTIMMUNG EINES NORMALURINS 
(Methode REppy) 





Normalurin (mg/1o0oo ml): 12.9 12.5 12.9 15.4 14.2 13.3 13.7 14.5 14.2 13.7 





TABELLE 11 
ERGEBNIS DER STATISTISCHEN BERECHNUNGEN ZU DEN ERGEBNISSEN VON TAB. IO 
(Methode REppy) 





Normale 
A bweichung 
vom Mittelwert 
mg|Iooo ml 


Standard- 
abweichung 
mg/Iooo ml 


Mittelwert Streuung 
mg/Iooo ml mg /Io00o ml 





Normalurin 13.73 0.77 0.88 + 1.76 





Bestimmung der Schwankungsbreite der Corticoidausscheidung bet einem Pa- 
tienten. Die Ergebnisse dieser Untersuchung zeigt Tabelle 12. 


TABELLE 12 


UBERBLICK UBER DIE SCHWANKUNGSBREITE DER 
CORTICOIDAUSSCHEIDUNG EINES PATIENTEN 


(Methode REppy) Patientin R, 22 J. 





A usscheidung 


satan mg|24 Std. 





30.9. 15-5 
1.10. 12.0 
2.10. 


3.10. 
4.10. 
5.10. 


27.10. 
28.10. 
29.10. 





Mittelwert 18.27 mg/24 Std. 
Streuung 88.11 mg/24 Std. 
Standardabweichung 9.40 mg/24 Std. 
Normalabweichung 

v. Mittelwert + 18.80 mg/24 Std. 


Literatur S. 483 








476 R. RAFTOPOULO, HJ. STAUDINGER, L. WEISSBECKER VOL. 4 (1959) 


Zur Methode Norymberski 


(a) Eichung der Methode und Ermittlung des Faktors, sowie Berechnung. Die 
Methode NoRYMBERSKI®!-33 wurde von uns mit Cortison, Cortisol (17-Hydroxycorti- 
costeron), Atiocholanolon, Tetrahydrocortison und Tetrahydrocortisol getestet. Die 
erhaltenen Extinktionen fiir die entsprechenden Steroidmengen sind in Tabelle 13 
angegeben. 

TABELLE 13 


EICHWERTE ZUR METHODE NORYMBERSKI MIT CORTISON, CORTISOL (17-HYDROXYCORTICOSTERON), 
ATIOCHOLANOLON, TETRAHYDROCORTISON UND TETRAHYDROCORTISOL 


Mittelwerte aus je 1o Ansdtzen 











Cortison Atiochol- Tetrahydro- Tetrahydro- 
Cortisol anolon cortison cortisol 
ug E E E E 
50 0.15 0.20 — _ 
100 0.30 0.40 0.38 0.36 
200 0.60 0.80 - _ 





Den Berechnungen legten wir die Extinktion fiir Atiocholanolon (100 wg = 0.40) zu 
Grunde. Wir wahlten Atiocholanolon als Standard, da Cortison und 17-Hydroxycorti- 
costeron (Cortisol) hauptsachlich als Pregnanderivate ausgeschieden werden, die mit 
Natriumwismutat zu 11-Keto-, bezw. 11-Hydroxyatiocholanolon abgebaut werden. 
116-Hydroxyatiocholanolon stand uns als Vergleich nicht zur Verfiigung. 

Neben den 17-ketogenen Steroiden wurden im Harn die 17-Ketosteroide in be- 
kannter Weise bestimmt. 

Wir berechneten nach folgender Formel: 

ee OF 


= in eingesetzter Harnmenge. 
0.4* 100 MS 6 8 


E, = Extinktion fiir 17-Ketogene + 17-Ketosteroide 
E, = Extinktion fiir 17-Ketosteroide. 


(b) Wtederfindversuche. Auch bei der Methode NorRYMBERSKI fiihrten wir fiinf 
Wiederfindversuche durch. Wir setzten 10 ml Harn 100 wg Tetrahydrocortison und 
10 ml Harn 100 wg Cortison zu. Im Mittel fanden wir 96% des zugesetzten Steroids 
wieder. 


(c) Mehrfachbestimmung. Die Ergebnisse unserer Mehrfachbestimmungen der 
17-ketogenen Steroide nach NORYMBERSKI zeigen Tabelle 14 und 15. 


TABELLE 14 
ERGEBNISSE DER MEHRFACHBESTIMMUNGEN 
(Methode NORYMBERSKI) 





Harn I (mg/1000 ml): 16.5 15.0 11.0 15.5 I1.0 I1.2 13.0 9. 
Harn II (mg/1000 ml): 2.3 S62 270° 78 269-270 23.9. 2G: 2 





(ad) Bestimmung der Schwankungsbreite der Corticoidausscheidung bei einer klinisch 
unauffalligen Versuchsperson. Um auch nach der Methode NorRyYMBERSKI die biolo- 
gische Streuung zu erfassen, bestimmten wir vom 15-19. November taglich die Corti- 
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TABELLE 15 


ERGEBNISSE DER STATISTISCHEN BERECHNUNGEN DER ERGEBNISSE VON TAB. 14 
(Methode NORYMBERSKI) 





Normale 
abweichung 
vy. Mittelwert 
mg/Io0o ml 


Standard- 
abweichung 
mg/1r000 ml 


Mittelwert Streuung 
mg/Iooo ml mg/Iooo ml 





Harn I: 12.39 6.43 2.53 + 5.00 
Harn IT: 26.45 0.52 0.72 + 1.44 





coidausscheidung bei einem 51-jahrigen Mann unter den gleichen Bedingungen wie 
bei den entsprechenden Bestimmungen nach den Methoden STAUDINGER, TTC-blau 
und REppy. Wir erhielten die Ergebnisse der Tabelle 16. 


TABELLE 16 


UBERBLICK UBER SCHWANKUNGSBREITE DER CORTICOIDAUSSCHEIDUNG 
BEI EINER KLINISCH UNAUFFALLIGEN VERSUCHSPERSON 


(Methode NORYMBERSKI) Patient Y, mannlich. 





A usscheidung 24 Std.-menge 


manne mg|24 Std. ml 





15.11. 24.5 goo 
16.11. 21.0 1000 
17.11. 20.0 800 
18.11. 24.2 1010 
19.11. 24.5 1000 





Mittelwert 22.85 mg/24 Std. 

Streuung 5.80 mg/24 Std. 

Standardabweichung 2.40 mg/24 Std. 

Normalabweichung + 4.80 mg/24 Std. 
vom Mittelwert 


ERGEBNISSE DER VERGLEICHENDEN UNTERSUCHUNGEN 


Nachdem wir zu jeder der erwaéhnten Methoden eine Eichkurve, bzw. den Be- 
rechnungsfaktor ermittelt und auf.Grund: unserer Mehrfachbestimmungen die Streu- 
ung und Standardabweichung der einzelen Methoden bestimmt hatten, fihrten wir 
vergleichende Untersuchungen an menschlichen Harnen durch. Als Untersuchungs- 
material standen uns die unserem Laboratorium eingesandten Harne, sowie Harne 
von gesunden Versuchspersonen zur Verfiigung. Wir ordneten unser Material nach 
Normalurinen, Urinen von Patienten mit erhdhter Corticoidausscheidung (Cushing, 
ACTH-Beeinflussung usw.), Urinen von Patienten mit niedriger Corticoidausschei- 
dung (z.B. Addison). Um den stérenden Einfluss von Medikamenten bei der Bestim- 
mung der Corticoide nach den verschiedenen Methoden zu vergleichen, haben wir eine 
Reihe von Harnen von Patienten untersucht, die nachweislich verschiedene Medika- 
mente erhalten haben. 

Die Ergebnisse unserer vergleichenden Untersuchungen zwischen den angefiihr- 
ten Methoden geben wir in Tabellen an, die nach der oben aufgefiihrten Einteilung 


aufgestellt wurden. 
Bei unserer Untersuchung ergab sich erneut, was schon friiher publiziert wurde 
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und im allgemeinen auch bestatigt worden ist, dass die Corticoidausscheidung in 
normalen Grenzen vom Harnvolumen unabhdngig ist. 


(1) Vergleichende Untersuchungen zwischen den vier Methoden iiber die Corticoidaus- 
scheidung bet gesunden V ersuchspersonen 
Zunachst fiihrten wir Untersuchungen durch, um die Normalwerte zu den ein- 
zelnen Methoden in unserem Laboratorium nochmals zu ermitteln, und zwar stellten 
wir unsere Normalwerte auf Grund von 150 Untersuchungen auf. Im folgenden zeigen 
wir in Tabelle 17 zusammengefasst das Ergebnis dieser Untersuchungen. 


TABELLE 17 


NORMALWERTE FUR DIE CORTICOIDAUSSCHEIDUNG IN mg IN 24 STUNDEN 
(Mittel aus 150 Harnproben) 























Methoden 
Staudinger TTC-blau Reddy Norymberskt 
mg /24 Std. mg|24 Std. mg|24 Std. mg/24 Std. 
Mann Frau Mann Frau Mann Frau Mann Frau 
Mittelwert 10.9 10.2 9.7 9.3 7.4 8.4 15.2 13.2 
Streuung 
(methodisch) 1.8 0.2 0.8 6.4 
Standardabweichung 
(methodisch) 1.3 0.5 0.9 2.5 
Normalabweichung 
(methodisch) + 2.7 + 1.0 + 1.8 + 5.0 
Methodischer 
Streubereich 7.8—-13.2 8.5-10.5 6.1-9.7 9.4—-17.0 
Standardabweichung 
d. Normalwerte 
(biologisch) 1.8 1.6 2.3 2.9 
Normalabweichung 
(biologisch) + 3.6 + 3.2 + 4.6 + 5.8 
Biologischer ; 
Streubereich 6.0—14.0 6.0—13.0 3.0-13.0 8.0—20.0 





Aus Tabelle 17 ist zu ersehen, dass bei allen Methoden die Corticoidaus- 
scheidung bei Mannern und Frauen innerhalb der Fehlergrenzen gleich ist. Aus theo- 
retischen Griinden, die bereits in der Einleitung dargelegt worden sind, waren fiir 
die Methode von NORYMBERSKI die héchsten Werte zu vermuten, wahrend nach der 
Methode REppy die niedrigsten Werte zu erwarten waren. Die Werte nach den Me- 
thoden STAUDINGER und TTC-blau sollten zwischen den Normalwerten der beiden 
anderen Methoden liegen. Unsere Tabellen bestatigen diese Vermutungen. 


(2) Vergletchende Untersuchungen zwischen den vier Methoden bei Patienten, die nach- 
wetslich unter Einfluss von Meditkamenten standen 
Nachdem wir die Normalwerte zu den vier Methoden in unserem Laboratorium 
gefunden hatten, fiihrten wir vergleichende Untersuchungen zwischen den vier Me- 
thoden an Harnen von endokrin unauffalligen Patienten durch, die nachweislich unter 
Einfluss von Medikamenten standen, und zwar handelte es sich hauptsachlich um 
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Analgetica und Opiate. Wir wollten auf diese Weise feststellen, inwiefern Medika- 
mente die Corticoidbestimmungen stoéren. Tabelle 18 zeigt unsere Ergebnisse. 


TABELLE 18 


VERGLEICH DER VIER METHODEN BEI PATIENTEN, 
DIE UNTER EINFLUSS VON MEDIKAMENTEN STANDEN 


(Analgetica, Opiate) 











Methoden 
Staudinger TTC-blau Reddy Norymberski 
No. = Alter — Geschlecht — ygia4 Std. mgl24 Std. mgl24 Std.  mg/|2q Std. 
I 58 w 4.6 - — 12.1 
2 45 w 19.1 — - 30.3 
3 45 w 10.0 - - 24.7 
4 66 Ww 26.4 33-0 — 45-6 
5 52 w 5.0 - — 11.8 
6 31 m 32.0 19.7 19.2 23.9 
9 26 w 49.8 27.9 nicht zu 13.5 
bestimmen 
8 27 w nicht 
abzulesen -- - 23.1 
9 49 m 9.5 5.8 13.0 13.3 
10 30 m 6.4 8.8 6.1 2.8 
II a7 Ww 12.3 6.8 3.3 5-4 
12 32 Ww 28.0 9.4 _ 16.0 
13 64 Ww 10.0 — — 31.8 
14 35 m 21.8 12.3 11.9 7.5 





Aus der Tab. 18 ist zu ersehen, dass unter dem Einfluss der gleichen Medikamente 
die vergleichenden Corticoidwerte nach den vier Methoden sehr uneinheitlich sind. In 
den Fallen 1 und 5 haben wir nach STAUDINGER Werte gefunden, die unter der Grenze 
der Normalwerte liegen, wahrend die entsprechenden Werte nach NORYMBERSKI 
innerhalb der Norm liegen. In den Fallen 3 und 13 liegen die Werte nach STAUDINGER 
innerhalb der Norm, wahrend die Werte nach NORYMBERSKI tiber der Grenze der 
Norm sind. In den Fallen 2 und 4 sind die Werte nach STAUDINGER und Norym- 
BERSKI erhéht, wobe1 NORYMBERSKI betrachtlich erhéhte Werte anzeigt. In den Fal- 
len 6, 7, 8, 12 und 14 sind die Werte nach STAUDINGER viel zu hoch (im Falle 8 
nicht ablesbar). Die entsprechenden Werte nach NORYMBERSKI sind leicht erhéht 
oder liegen in der Grenze der Norm, wahrend im Fall 6 und 7 die Werte nach TTC-blau 
und REppy ebenfalls erhéht sind und im Falle 14 im Bereich der Norm liegen. Im 
Fall g finden wir keine Abweichung von der Norm, im Fall 10 sind die Werte nach 
STAUDINGER und NORYMBERSKI zu niedrig, die Werte nach TTC-blau und REppy 
dagegen normal. Fall 11 zeigt einen deutlich erniedrigten NORYMBERSKI-Wert. 

Abschliessend ist zu sagen, dass durch Medikamente die Corticoidbestimmung 
nach allen Methoden so unkontrollierbar gestért wird, dass man sets darauf achten 
sollte, nur medikamentenfreie Harne zu untersuchen. 


(3) Vergleichende Untersuchungen zwischen den vier Methoden bei Fallen mit erhohter 
Corticoidausscheidung , ie 


Zuniachst zeigen wir in Tabelle 19 das Ergebnis dieser. Untersuchungen. 


Literatur S. 483 








480 R. RAFTOPOULO, HJ. STAUDINGER, L. WEISSBECKER __ VOL. 4 (1959) 


TABELLE tg 


VERGLEICH DER VIER METHODEN BEI FALLEN 
MIT EINER ERHOHTEN CORTICOIDAUSSCHEIDUNG 

















Methoden 
Staudinger TTC-blau Reddy Norymberski 
No. a Senet mg/24 Std. mg/24 Std. mg/24 Std. mg/24 Std. Diagnose 
I 52 w 23.0 - 25.7 Ma-Ca 
Met. 
2 46 Ww 20.2 - 22.0 a 
3 54 w 8.7 - - 22.1 i 
4 45 w 14.6 * m2 9.9 ye 
5 52 w 16.8 11.0 15.2 27.0 ig 
6 34 w 19.4 13.1 12.0 19.2 mr 
62 Ww 22.6 _ — 29.4 i 
8 ? m 14.9 ~ - 17.5 Akrome- 
galie 
9 ? m 19.9 -- - 17.5 Cushing 
10 23 w 19.1 - - 30.5 pluri-gland. 
Stérung 
II 33 w 14.4 - — 23-9 Sterilitat 
12 25 m nicht zu - 40.2 46.0 NNR- 
bestimmen Tumor 
13 56 m 21.0 - ~ 32.6 Cushing 
14 71 m 30.8 4.7 6.1 18.3 Tumor 
Seminom 
15 43 w 16.1 10.8 11.0 14.4 ‘ 
16 44 m 16.5 9.8 16.9 27.8 o. Diag. 
17 25 w 21.8 22.6 28.2 47.0 Cushing 
(p. op.) 
18 21 w 20.3 21.0 24.3 24.3 Cushing 
19 24 w 42.8 16.8 19.1 30.5 Stress 
20 31 w 47.0 50.0 _ 45.0 Uberdos. 
Prednison 
21 31 Ww 66.6 59.5 - 71.5 * 





Im allgemeinen sind alle Werte nach allen vier Methoden erhoht. Eine Ausnahme 
bildet der Fall 3, dessen Wert nach NORYMBERSKI nur etwas erhoht ist, wahrend der 
Wert nach STAUDINGER innerhalb der Norm liegt. Die Falle 4, 8, 9, 14, 15 und 16 
k6nnen unter Umstanden Falle sein, bei denen eine Beeinflussung durch Medika- 
mente in Frage kame. Jedenfalls k6nnen wir uns die gréssere Differenz zwischen den 
Werten nach den vier Methoden nicht erklaren. 


(4) Vergleichende Untersuchungen zwischen den vier Methoden bet Patienten mit einer 
verminderten Corticotidausscherdung 
Tabelle 20 zeigt die Ergebnisse dieser Untersuchungen. Aus dieser Tabelle ist 
zu ersehen, dass bei den auch jeweils klinisch manifesten Addison-Fallen im allge- 
meinen die Werte nach allen vier Methoden niedrig sind. 


DISKUSSION 


Nach diesem Vergleich zwischen vier bekannten Corticoidbestimmungsmethoden 
im Harn ist die Frage zu beantworten, welche Methode fiir das klinisch-chemische 
Laboratorium zweckmassig ist. Die Forderung nach Genauigkeit, Spezifitat und 
Handlichkeit wird von keiner der angefiihrten Methoden ganz erfiillt. Die Methode 
STAUDINGER?! zeichnet sich theoretisch durch eine gute Spezifitat aus, die durch 
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TABELLE 20 


VERGLEICH DER VIER METHODEN BEI FALLEN MIT 
VERMINDERTER CORTICOIDAUSSCHEIDUNG 
Methoden 


Staudinger TTC-blau Reddy Norymbersk1 
mg/24 Std. mg/24 Std. mg/24 Std. mg/24 Std. Diagnose 
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griindliche Vorbereitung und Reinigung der Corticoidextrakte (schonende Ferment- 
hydrolyse, anschliessende Dialyse) erreicht wird. Die Spezifitat wird gegeniiber den 
anderen Reduktionsmethoden noch durch das Differenzverfahren erhéht. Bei der 
Originalmethode nach CHEN?! wird statt der enzymatischen Hydrolyse eine Saure- 
hydrolyse durchgefiihrt, was bei der Empfindlichkeit der Corticoide unzweckmassig 
erscheint. TELLER UND STAIB*, gleichzeitig und unabhangig auch wir schlagen deshalb 
eine Kombination der Methode von STAUDINGER" und der Methode von CHEN ®! vor, 
in der die enzymatische Hydrolyse und Dialyse der Farbreaktion TTC-blau vorangeht. 
Nach den Erfahrungen von TELLER UND STAIB?* und von uns ist so die Spezifitat 
der Bestimmung der a-Ketole gut. Beim Vergleich zwischen der Methode STAUDINGER 
und der modifizierten TTC-blau-Methode liegen die Werte nach STAUDINGER héher. 
Es ist also zu vermuten, dass nach der Methode STAUDINGER doch noch st6rende 
Verunreinigungen mit erfasst werden. Die Untersuchungen bei den Fallen, die unter 
Beeinflussung von Medikamenten standen, sprechen fiir diese Annahme. 

Die Methode von REppy e al.?® umgeht die Hydrolyse, indem die Steroidkon- 
jugate mit Butanol extrahiert und als solche bestimmt werden. Die Spezifitat und 
Reproduzierbarkeit dieser Methode ist jedoch geringer, da eine befriedigende Reinigung 
des Butanolextraktes nicht gelingt. 

Die Methode von NORYMBERSKI*!-%* vermeidet auch eine Hydrolyse der emp- 
findlichen Corticoide, sie zeichnet sich dariiber hinaus durch eine befriedigende Spe- 
zifitat aus. Dazu kommt, dass nach der Methode von NORYMBERSKI mehr Corticoid- 
metaboliten erfasst werden, als nach den anderen Methoden. So ist es verstandlich, 
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dass wir nach der Methode von NORYMBERSKI die héchsten Werte fanden, im Gegen- 
satz dazu berichten ButT, KORNEL UND Morris*4, dass sie beim Vergleich zwischen 
der Methode von NORYMBERSKI und von REpDpy in etwa gleiche Werte fanden. 

Alle vier Methoden werden durch die Gegenwart von Medikamenten oder deren 
Metaboliten im Harn in verschiedenem Umfange gestért und zwar werden zumeist zu 
hohe Werte vorgetauscht. Am empfindlichsten gegen diese Stérung sind die Methoden 
von STAUDINGER und von REpDpy. Es wird aber fiir alle vier Methoden empfehlens- 
wert sein, die Corticoide nur in wirklich medikamentenfreien Harnen zu bestimmen. 

Unsere Mehrfachbestimmung und unsere Wiederfindversuche haben gezeigt, 
dass die Genauigkeit aller vier aufgefiihrten Methoden befriedigend ist. Streuung und 
Standardabweichungen der vier Methoden liegen in einem annehmbaren Bereich. 
Die Wiederfindversuche ergaben bei allen vier Methoden eine Wiederfindung des zu- 
gezetzten Corticosteroids von rund 95% (STAUDINGER 90%). 

Uber die ‘‘Handlichkeit’’ der vier Methoden ist zu sagen, dass die Methode von 
REppy *¢ an erster Stelle steht. Bei einiger Geschicklichkeit k6nnen miihelos an einem 
Vormittag 20 Bestimmungen durchgefiihrt werden. Die Methode NoRYMBERSKI?! 
bietet den Vorteil, dass neben der Corticoidbestimmung die Bestimmung der 17- 
Ketosteroide im gleichen Arbeitsgang durchgefiihrt werden kann. Der Gang dieser 
Methode beansprucht etwas mehr Zeit als der der Methode von REDpy**. Die Hand- 
lichkeit der Methode von STAUDINGER" ist weniger gut als die der kombinierten vor- 
geschlagenen TTC-blau-Methode’**. 

Wir schliessen unsere Arbeit ab, indem wir dem klinisch-chemischen Labora- 
torium als Routinemethoden die kombinierte STAUDINGER—CHEN-Methode nach dem 
Vorschlag von TELLER UND STAIB?® oder die Methode nach NORYMBERSKI*! emp- 
fehlen, da sie sich gegeniiber den anderen bestehenden Methoden zur Bestimmung 
der Corticoide im Harn beziiglich Spezifitat, Genauigkeit und Handlichkeit aus- 
zeichnen. 

Wir miissen allerdings einraumen, dass auch diese beiden empfohlenen Methoden 
noch verbesserungsbediirftig sind, vor allem hinsichtlich ihrer Spezifitat. 


ZUSAMMENFASSUNG 


In der vorliegenden Arbeit werden die in der Klinik bekanntesten chemisch- 
analytischen Corticoidbestimmungsmethoden im Harn naher betrachtet und ver- 
glichen, indem auf methodische Einzelheiten hingewiesen und experimentelle Ver- 
suchs- und Untersuchungsergebnisse im Vergleich gezeigt werden. Aus der Diskussion 
geht hervor, dass fiir die Klinik als Routinemethoden die Methode nach Norym- 
BERSKI oder die TTC-blau-Methode nach CHEN mit der Vorbereitung nach STAUDINGER 
kombiniert vorgeschlagen werden kann. 


SUMMARY 
DETERMINATION OF CORTICOIDS IN HUMAN URINE 
A REVIEW AND COMPARISON OF EXISTING METHODS 


The chemical methods most frequently used in clinical medicine for determining 
corticoids in urine are examined in detail and the experimental results are compared. 
The results of this investigation lead the authors to recommend the method of Norym- 
BERSKI or the blue tetrazolium method of CHEN combined with that of Stavu- 
DINGER, as routine clinical methods. 
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ACTION OF ENZYMES IN PRESENCE OF CERTAIN HORMONES 


II. URINE DEOXYRIBONUCLEASES 


ANWAR A. HAKIM 
Biochemistry Research Laboratories, Miami Heart Institute, Miami Beach, Fla. (U.S.A.) 


INTRODUCTION 


Deoxyribonucleases are highly specific phosphodiesterases, which act on deoxyri- 
bonucleic acids. They have no effect on ribonucleic acids and ribonucleotides. They are 
divided into acid deoxyribonucleases and neutral deoxyribonucleases, both of these 
two groups never result in the formation of inorganic phosphate, an activity which 
characterizes acid and alkaline phosphatases. The acid deoxyribonucleases are con- 
nected to the general problem of deoxyribonucleic acid metabolism of the cell, while 
the neutral deoxyribonucleases are secreted into the pancreatic juice with other 
digestive enzymes and require magnesium ion activation!. Acid deoxyribonucleases 
excreted into the urine could be a measure of cellular breakdown, while any neutral 
deoxyribonucleases in the urine indicate the secretion power of the pancreatic juice. 

In the present studies we report on the isolation and characterization of a neutral 
and an acid deoxyribonuclease excreted into the urine. The enzymes are identified in 


free (active) and combined (proenzymes, inactive) forms. The concentration of the 
enzymes is found to vary with the menstrual cycle. 


EXPERIMENTAL 


Deoxyribonucleic acid (DNA) was prepared according to KAy, SIMMONS AND 
Dovunce?. Crystalline deoxyribonuclease I was purchased from Worthington Bio- 
chemical Corporation. Phosphodiesterase was prepared by the procedure of PRIVAT- 
DE-GARILHE AND LAskowskI’. Digests of urine deoxyribonucleases (acid and neutral) 
and of crystalline deoxyribonuclease I are studied for mono-, di- and polynucleotides. 
The procedure of LAURILA AND LASKOwSKI‘ is used for analysis of the dinucleotides. 

Total N determination is made in a micro-kjeldahl. Non-protein N is determined 
on a sample which is treated with an equal volume of 5% trichloro-acetic acid and 
the nitrogen of the filtrate is determined. The difference between the total N and the 
non protein N represent the protein N. The nucleotides produced are identified by 
ionophoresis and by paper chromatography of the nucleotides*® and nucleosides *. 

Normal human urine is collected in 24-h samples at the described periods. The 
samples are frozen directly and 25-ml aliquots dried under vacuum’, The dried material 
from the 25-ml aliquots is extracted with 6 ml 0.25 M sulfuric acid for 1h. The 
supernatant is divided into 3-ml fractions (A and B). Fraction A is adjusted to pH 4.5 
and used in the determination of acid DNase. Neutral DNase activity was obtained 
from fraction B after adjusting to pH 7.8. 
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Preparation of free and combined deoxyribonucleases 


The lyophilized, dried human urine is homogenized in g volumes of sterile, dis- 
tilled water for 30 min. at 0°. The homogenate is centrifuged twice at 60,000 x g for 
30 min. The supernatant from the second centrifugation (Su,) was treated with am- 
monium sulfate to 30% saturation. The precipitate (ppt,) formed was neglected. To 
the supernatant fluid (Su,) enough ammonium sulfate was added, with continuous 
stirring to bring its concentration to 90% saturation, left at 0° overnight, centrifuged 
and the supernatant solution (Sus) was decanted. The precipitate (ppt,) was dissolved 
in 10 ml of sterile distilled water, calcium phosphate gel was added and the whole was 
mixed, left at o° for 40 min and centrifuged at 20,000 x g for 30 min. The supernatant 
fluid (Su,) was separated, dialyzed against distilled water for 12 h and lyophilized to 
dryness. A second aliquot of Su, was obtained from a second batch of dried human 
urine, as described above. It was then adjusted to pH 4.5, then heated to 35° for 30 min 
and quickly cooled to 0°. The resulting precipitate (ppt,) was removed by centrifuga- 
tion. The supernatant (Su;) contained the free active deoxyribonuclease. The enzyme 
was precipitated between 40 and 85% saturation of ammonium sulfate. Deoxyribonu- 
clease inhibitor was found absorbed on the calcium phosphate gel. It was eluted by 
5 ml of 0.25 M phosphate buffer, pH 7.8, dialyzed against distilled water for 24 h at 
o° and lyophilized to dryness. 


Preparation of neutral deoxyribonuclease from human urine 


50 g of the dried lyophilized urine is mixed in 110 ml of 0.25 M sulfuric acid, the 
mixture is stirred for 3 h, at o°. After addition of 15.7 g ammonium sulfate, agitation 
is continued for additional 2 h. The pH is adjusted to 4.5 by sodium hydroxide (4 ml 
of 25% NaOH are required), the mixture is left overnight at 0°, then filtered. The px 
of the clear filtrate is adjusted to 2.0 (5 ml of cold 10% sulfuric acid are added). After 
thorough stirring for 2 h the precipitate formed is allowed to settle overnight at 0°, 
and is centrifuged. The precipitate contained only traces of neutral deoxyribonuclease 
activity and is discarded. The deoxyribonuclease activity is precipitated by the addi- 
tion of 0.4 g/ml of supernatant. The precipitate is obtained by centrifugation and is 
stirred into 3 ml of cold sterile distilled water. The undissolved precipitate is removed 
by centrifugation. The enzyme solution is then fractionated, deoxyribonuclease is 
obtained at ammonium sulfate concentration between 0.17 and 0.30 saturation as a 
precipitate. The precipitated enzyme is stirred gently in sterile distilled water until 
complete solution. The pH of the concentrated deoxyribonuclease solution is dialyzed 
against 0.002 N sulfuric acid at 0°. The solution is diluted twice with distilled water, 
filtered. The clear enzyme solution is lyophilized to dryness. The lyophilized deoxyri- 
bonuclease (0.1 g) is divided in two fractions, one fraction is stored in deep freeze, the 
other fraction dissolved in 10 ml of sterile distilled water. The pH is adjusted to 4.2, 
and 0.8 ml saturated ammonium sulfate solution is added, after cooling to 0°, 1.3 ml 
of 95% ethanol (at —20°) is added slowly with gentle stirring. The precipitate formed 
during 24h is centrifuged, and the supernatant is collected. To the ice-cold super- 
natant solution, additional 0.43 ml of 95% ethanol (—20°) is added. The mixture is 
kept at —10° for 48 h, and the precipitate is collected by centrifugation, redissolved 
in sterile, cold distilled water and lyophilized to dryness. 
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Determination of enzymic activity 

0.1 ml of the deoxyribonuclease solution* of defined concentration is added to 
24 ml of DNA solution (0.1% DNA solution in M/40 veronal buffer, at pH 7.0) and 
the flow time in Ostwald viscosimeter pipet is observed at I, 4, 5, 6, 8 and 12 min after 
addition of the enzyme solution. One desoxyribonuclease unit is defined as the amount 
of the enzyme necessary to produce a drop of one viscosity unit in Io min at 25°. 
The flow time of distilled water is taken as the viscosity unit. The enzymic activity is 
determined also by the spectrophotometric procedure as described by KuNITz®. 


Paper electrophoresis 

Electrophoresis is accomplished in the LKB 3276 electrophoresis equipment. An 
0.1 M acetate buffer, pH 4.5 (containing 1.22% of sodium acetate; 3H.O, 0.176% of 
calcium acetate; H,O, and 0.57% of glacial acetic acid in distilled water), is used. 
Electrophoresis is carried out for 20 h at 2° at a potential of 300 V and 30 mA. The 
papers are then dried at 120°, stained for 6 h in bromphenol blue solution (Io mg % 
bromophenol blue, 5 g % of zinc sulfate - 7H,O, 2.5 ml % of ethanol and 5% acetic 
acid in distilled water). The papers are then washed three times in 5 % acetic acid, then 
rinsed in a solution containing 0.3% sodium acetate in 5% acetic acid, and finally 


dried at 120°. 


TABLE I 


URINARY DEOXYRIBONUCLEASE IN 24-h URINE SAMPLE 





DNase activity 
(ug) 





. DNase activity of the dried urine go 
. DNase activity of the dried urine after dialysis 105 
. DNase activity of the dialyzed and lyophilized urine 120 
. DNase activity of (3) treated with 0.25 M H,SO, 250 
. DNase activity of (4) fractionated with ammonium sulfate 225 





Results are reported in wg of deoxyribonuclease. DNase is deoxyribonuclease. 


RESULTS 


Extraction of deoxyribonuclease from dried urine powder at pH 4.5, denatures 
some of the contaminating proteins. This renders the inactive proteins less soluble at 
PH 2.0, thus a more efficient extraction of the enzyme is attained. Comparison of 
urine deoxyribonuclease with crystalline pancreatic deoxyribonuclease on paper elec- 
trophoresis (Fig. 1) reveals the presence of two identical components in both en- 
zyme preparations. Crystalline pancreatic deoxyribonuclease (Fig. 1a) studied, has a 
larger amount of protein that did not move under the electrophoretic conditions used. 
Neutral urine deoxyribonuclease is obtained as one homogeneous component. Similar 
enzyme was obtained from crystalline pancreatic deoxyribonuclease. Fig. 2a is the 
neutral deoxyribonuclease from crystalline pancreatic deoxyribonuclease, which is 





* 10 ml of 20% solution of neopeptone in M/40 veronal buffer, pH 7.0 are placed in dialysis 
tube. The tube is suspended in 50 ml of veronal buffer. After dialysis for 48 h, the outer solution 
is removed, and 0.18 g of MgSO, is added per to ml of the solution and used in the preparation 


of deoxyribonuclease solution. 


References p. 493 





VOL. 4(1959) | ACTION OF ENZYMES IN PRESENCE OF HORMONES. II. 487 


identical to the neutral deoxyribonuclease isolated from urine (Fig. 2b). Both enzyme 
preparations contained an inactive non-mobile protein. Neither ammonium sulfate 
fractionation, nor recrystallization from alcohol did remove the inert protein, but it 
was resolved from the active enzyme on paper electrophoresis (Fig. 2c). Lyophilized 








__ starting 
line 





(a) Co ea 


Fig. 1. Urinary deoxyribonucleases and Fig. 2. Neutral deoxyribonucleases. a. Neutral 
crystalline pancreatic deoxyribonuclease deoxyribonuclease from crystalline deoxy- 
on paper electrophoresis. a. Crystalline pan- ribonuclease, the mobile component is the 
creatic deoxyribonuclease. b. Urinary de- active protein. b. Neutral deoxyribonuclease 
oxyribonuclease. The mobile components from urine deoxyribonucleases. The mobile 
are enzymically active. The non-mobile component is the active protein. c. Non- 

proteins are inert proteins. mobile, inactive protein, which contains the 
combined form of deoxyribonuclease. The 
combined enzyme is activated by #-chloro- 

mercuribenzoic acid. 


dried urine powder constitutes then a starting material for the preparation of deoxyri- 
bonuclease excreted. A representative isolation of the enzyme is shown in Table IT. 
The enzyme is obtained with purity approaching, or equal to that of crystalline 
pancreatic deoxyribonuclease. The isolation and purification of urinary deoxyri- 


bonuclease is followed by paper electrophoresis. 
Deoxyribonuclease is present in urine as free (active) and combined (inactive) 
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form. The inactive form is activated by high salt concentration, by #-chloromercuri- 
benzoic acid and by heat to 80°. Deoxyribonuclease activity is excreted into the urine 
at various daily concentrations. The concentration of the urine enzymic activity 
varied also during the menstrual cycle. The greatest activity is found in the urine of 
the 11th and 21st day of the menstrual cycle (1368 mug and 1395 myg respectively), 


TABLE II 
PURIFICATION OF NEUTRAL DEOXYRIBONUCLEASE FROM HUMAN URINE 
Starting material: dried lyophilized urine (50 g) 





gin Units/ml Total units 





1. First filtrate 200 
First supernatant 200 
Solution second precipitate 6250 
Solution of fourth precipitate 3 6000 
Dialyzed solution 5200 
Lyophilized urine deoxyribonuclease 1200/mg 





TABLE III 


FREE AND TOTAL DEOXYRIBONUCLEASE IN 24-h URINE SAMPLE: 
VARIATION DURING THE MENSTRUAL CYCLE 





Day of Free DNase Total DNase _ Estrogen Day of Free DNase Total DNase _ Estrogen 
cycle mug mug 1.U. cycle MULE mug 1.U. 





158 650 100 17 855 1075 350 
268 725 115 19 645 1272 590 
485 885 185 21 525 1395 615 
678 1265 215 23 1200 415 
528 1305 460 25 275 
465 1368 685 27 185 
647 1235 550 28 100 
774 1148 430 





TABLE IV 


FREE AND COMBINED DEOXYRIBONUCLEASE PER ml OF URINE: 
VARIATION DURING 24h 





Ti Free DNase Total DNase 
ime 


7.00 a.m. 115 200 
9.00 a.m. 95 128 
12.00 noon 125 185 
11.00 p.m. 325 450 
7.00 a.m. 114 185 











The results are reported in millimicrograms (mug) of 
DNase in ml of urine. 


where the highest estrone concentrations are found (Table III). During menstruation, 
the major deoxyribonuclease is located in the clotted blood. 
Free and total deoxyribonuclease are excreted into the urine in various concen- 
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trations during 24 h. Urine samples collected in the morning, at 9:00 a.m., showed 
the lowest deoxyribonuclease activity (195 or 128 mug/ml of free or combined DNase), 
the concentration then increased graduaaly. The highest concentration is obtained at 
II:00 p.m. (325 or 450 mug/ml of free or combined DNase). The early morning urine 
sample shows 115 or 200 mug/ml of free or combined deoxyribonuclease respectively 
(Table IV). 

Urine deoxyribonucleases are heterogeneous in physico-chemical properties. The 
deoxyribonuclease activity of urine sample of the 11th-day has an optimum pH 
activity at 4.60 (mostly acid deoxyribonuclease activity). The enzyme activity of 
urine sample of the 21st day has an optimum pH activity at 7.17 (mostly neutral 
deoxyribonuclease activity), see Table V. 

The enzyme present in the urine sample of the 11th day is activated by magne- 
sium and the highest activity is found in the aliquots which are heated to 80°. The 
activity in the urine sample of the 21st day did not require magnesium activation and 
was mostly active in aliquots heated to 60° (Tables VI and VII). 


TABLE V 
OPTIMUM PH ACTIVITY FOR URINE DEOXYRIBONUCLEASE 





Sample on 11th day Sample on 21st day 





ae with Mg no Mg 
3.82 0.331 0.215 
4.20 0.554 0.250 
4.60 0.615 0.265 
5.00 0.483 0.285 
5.28 0.238 0.300 
5.90 0.225 0.250 
6.47 0.158 0.415 
7.17 0.228 0.515 
7.73 0.228 0.475 
8.04 0.200 0.425 








The results are reported in optical density (O.D.) reading, using KuUNITz spectrophotometric 
technique for deoxyribonuclease activity. Optical density of the blank DNA solution was 0.185 at 


a wave length of 260 mu. 
TABLE VI 
EFFECT OF TEMPERATURE AND MAGNESIUM ON URINE DEOXYRIBONUCLEASE 





Temperature 





inci tad 0° 60° 80 100° 
Si + Mg 0.101 0.382 0.498 0.138 
nu 0.090 0.175 0.164 0.150 
Se, + Mg 0.195 0.405 0.325 0.095 
Sa 0.285 0.525 0.445 0.105 





S,, and S,, are samples collected on the 11th and 21th day of the menstrual cycle. The results 
are reported in optical density readings, using the Kunitz spectrophotometric technique for 
deoxyribonuclease activity. Optical density of the blank DNA solution was 0.185 at a wave length 


of 260 mu. 


Crystalline pancreatic deoxyribonuclease is incubated with diethylstilbesterol, 
progesterone, estradiol and androsterone for 30 min, then enzymic activity is determi- 
ned. All the four estrogenic hormones resulted in increased deoxyribonuclease activity. 
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TABLE VII 


SPECIFIC ACTIVITY: ACTION OF URINE DEOXYRIBONUCLEASE ON DEOXYRIBONUCLEIC ACID 





Activity calculated from 
Acid-soluble P Viscosity 





IOooO I0ooO 
200 200 
382 405 
200 225 
495 515 
350 385 
132 I50 

85 95 


NNNNNNN 


_ 


N 





S,, and S,, are urine samples collected on the 11th and 21st day of the menstrual cycle. The 
enzymes prepared from these samples are heated to different temperatures as indicated above, 
before activity determined. 


TABLE VIII 


CRYSTALLINE DEOXYRIBONUCLEASE ACTIVITY IN THE PRESENCE OF ESTROGENIC HORMONES 





DNase DNA 


Hormones preincubated with preincubated with 





Water 100 100 
Diethylstilbesterol 155 75.5 
Progesterone 138 55.8 
Estradiol 170 84.5 
Estrone 105 45-8 
Androsterone 120 60.5 
Testosterone 140 65.8 





The results are presented in per cent of activity of crystalline deoxyribonuclease in sterile 
distilled water. The sterile distilled water above is used as control. 


Incubation of deoxyribonuclease with sterile distilled water or with estrone showed no 
effect on deoxyribonuclease activity. Incubation of deoxyribonucleic acid with the 
estrogenic hormones caused noticeable inhibition of deoxyribonuclease activity 
(Table VII). Deoxyribonucleic acid formed a complex with each of the above estro- 
genic hormones. The complex is in the form of an aggregation of DNA molecules, 
highly viscous, less soluble in aqueous solution and resistant to deoxyribonuclease 
action. More detailed studies on the interaction of estrogenic hormones with nucleic 
acids and nucleases are in progress and will be reportedin the near future. 

A number of experiments were performed to test the nature and properties of the 
combined deoxyribonuclease in the human urine. We first tested the possibility that 
the inactivity of deoxyribonuclease was due to products excreted into the urine. 
Estrogenic hormones and urea did not explain the inactivity of the complex. Then, 
we tested the possibility that the inactivity of deoxyribonuclease in the urine was due 
to large amounts of deoxyribonuclease inhibitor. Incubation ot crystalline deoxyri- 
bonuclease with the combined inactive deoxyribonuclease from urine resulted in 15% 
inhibition, preincubation of the crystalline enzyme with DNA gave 10% inhibition. 
The degree of inhibition obtained does not justify the presence of large amounts of 
deoxyribonuclease inhibitor. Incubation of crystalline deoxyribonuclease with the 


References p. 493 





VOL. 4 (1959) | ACTION OF ENZYMES IN PRESENCE OF HORMONES. II. 491 


activated form of combined deoxyribonuclease from urine (7.e. the combined deoxyri- 
bonuclease activated with p-chloromercuribenzoic acid after removal of the inhibitor) 
resulted in more than twice of the original deoxyribonuclease activity. The deoxyri- 
bonuclease-combined form is located in the inert-non-mobile proteins which are found 
in crystalline pancreatic deoxyribonuclease and urinary deoxyribonuclease (Fig. 1 
and Fig. 2). 
TABLE IX 
URINE DEOXYRIBONUCLEASE ACTIVITY 





Neutral DNase Acid DNase 





| 


1. Urine DNases + Mg 0.458 0.336 
2. Urine DNase 0.393 0.270 
3. Urine DNase (60°) + Mg 0.390 0.355 
4. Urine DNase (60°) 0.358 0.323 
5. Urine DNase (80°) + Mg 0.350 0.350 
6. Urine DNase (80°) 0.348 0.250 
7. Urine DNase (100°) + Mg 0.340 0.355 
8. Urine DNase (100°) 0.327 0.318 





The results are reported in optical density, at a wave length of 
260 mu, using model DU Beckman spectrophotometer. 


TABLE X 
I 
URINE DEOXYRIBONUCLEASE ACTIVITY DURING THE MENSTRUAL CYCLE 





Day of cycle Acid DNase Neutral DNase 

















2 I 0.102 0.130 

3 0.106 0.106 

6 0.153 0.148 

16 0.062 0.065 

19 0.080 0.085 

26 0.094 0.103 

27 0.072 0.078 

3 28 0.083 0.085 
The optical density of the deoxyribonucleic acid solution (control) 

after acid treatment was 0.060 at a wave length of 260 my. 
TABLE XI 
ACTION OF MAGNESIUM ON URINE DEOXYRIBONUCLEASE ACTIVITIES 
DURING THE MENSTRUAL CYCLE 
Day of Cycle Acid DNase Neutral DNase 

I 0.117 0.102 

starting 3 0.145 0.160 

line 6 0.136 0.141 

16 0.082 0.070 

19 0.074 0.067 

26 0.082 0.075 

Fig. 3. Urine deoxyribonu- 27 0.078 0.079 

cleases. An _ electrogram 28 0.078 0.079 





showing the resolution of Pome 
urinary deoxyribonucleases 


into three mobile enzymi- The results are reported in optical density, at a wavelength of 


cally active components, 260 my, using model DU Beckman spectrophotometer. Optical 
and a non-mobile inactive density of the deoxyribonucleic acid solution (blank) after acid 
precursor. treatment was 0.060. 
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Neutral deoxyribonuclease isolated from human urine required magnesium acti- 
vation, its activity was increased when determined in the presence of magnesium 
ion. Urine acid deoxyribonuclease, on the other hand, showed a decrease in enzymic 
activity when assayed in the presence of magnesium (reactions 1 and 2, Table VIII). 
Heating urine neutral deoxyribonuclease to 60, 80 and 100° reduced its enzymic 
activity, the presence of magnesium ion slightly influenced the enzymic acivity of the 
heated fractions. Heating urine acid deoxyribonuclease results in slight increase in 
enzymic activity. Magnesium ion increased the activity of the heated fractions 
(Table IX). Acid and neutral deoxyribonucleases are indentified in the urine. During 
the menstrual cycle, the enzymes are excreted into the urine at various concentrations. 
The concentration is independent of the urinary estrogens and of the combined 
deoxyribonuclease. Acid deoxyribonuclease is activated by magnesium while neutral 
deoxyribonuclease is not influenced by magnesium (compare Table X and XI). 

Specific enzymic activity of urine deoxyribonuclease on DNA is followed by 
analysis of the products in the digests. The action of deoxyribonuclease I on DNA is 
used for comparison. The trinucleotide deoxyadenylyl-(3’—5’)-deoxyadenylyl-(3’—5’)- 
thymidine-3’-phosphate is obtained from the urine deoxyribonuclease digest of deoxy- 
ribonucleic acid. The trinucleotide is hydrolyzed by pancreatic deoxyribonuclease I, 
deoxyadenylyl-(3’—5’)-adenosine and thymidine-3’, 5’-diphosphate were identified as 
products. Studies of the other products present in the urine deoxyribonuclease digests 
of DNA is in progress. 

Deoxyribonuclease activity of human urine is due to a series of specific enzymes. 
Neutral deoxyribonuclease and acid deoxyribonuclease are isolated from the urine. 
Deoxyribonucleases in urine are identified also as free, active enzymes and as com- 
bined, inactive precursors. Fig. 3 shows the electrophoretic resolution of the deoxy- 
ribonucleases into three mobile active enzymes, and non-mobile, inactive precursor. 
All the three active enzymes as well as the active form of the precursor did not liberate 
inorganic phosphate when incubated with deoxyribonucleic acid, and failed to act on 
diphenyl phosphate and on glucose-3-phosphate. 


DISCUSSION 


Interest in studying the biochemical activities of the ribonuclease system® 1° has 
led us to the investigation of deoxyribonucleases present normally in the urine. 

Prompt increase in the urinary excretion of acid deoxyribonuclease (pH 5.6) by 
irradiated rats!’ ! revealed that the enzymes are liberated by damaged cells, and 
indicative of tissue breakdown. 

Our present studies indicate that deoxyribonuclease is excreted into the urine in 
free (active) and combined (inactive) form, as well as both types of neutral and acid 
deoxyribonucleases. The amount and type of the deoxyribonuclease in the urine of a 
normal adult female showed daily variation as well as monthly variation. Increased 
amounts are found in late night urine samples. The monthly variations are found to 
be parallel with the urine estrogen concentrations. Increased quantities of total 
deoxyribonucleases are found in the urine samples collected on the 11th and the-2ist 
days of the menstrual cycle. 

The deoxyribonucleases excreted into the urine differed in optimum pH activity, 
stability to heat and to action of magnesium. The relative proportion as well as the 
quantities excreted into the urine varied with the estrogen excreted. 
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Deoxyribonucleases have been used in human and animal therapy"*—’. Clinical 
studies evaluating the effect of these enzymes necessitate clear understanding of the 
enzyme purity and specific activity. Various sources have been investigated as 
sources of deoxyribonuclease1***, the enzymes obtained differed in homogeneity, 


optimum pH and specific activity. 

Our studies presented here indicate that deoxyribonucleases are excreted into the 
urine, and these enzymes differ in specific activities and in physico-chemical properties. 
They are resolved on paper electrophoresis. Clinical studies evaluating the significance 
of these enzymes in the urine of normal and abnormal human cases could be of value 
in the use of these enzymes for clinical purposes and they are in progress in our 


laboratories. 
SUMMARY 


Lyophilized dried urine powder is used as a starting material for the study of 
deoxyribonucleases excreted. Deoxyribonucleases are found in free (active) and com- 
bined (inactive) form. They are also found as acid deoxyribonuclease with optimum 
pH activity at 4.60, requiring magnesium activation, and as neutral deoxyribonuclease, 
with optimum pH activity at 7.17 and does not require magnesium for activity. Daily 
and monthly variations of the free and combined deoxyribonuclease are found to be 
parallel with the variation of urinary estrogenic hormones. 


REFERENCES 


. ALLFREY AND A. E. Mirsky, J. Gen. Physiol., 36 (1953) 227. 

R. Kay, N.S. Simmons AnD A. L. Dounce, J. Am. Chem. Soc., 74 (1952) 1724. 

. PRIVAT-DE-GARILHE AND M. LaskowskI, Biochim. Biophys. Acta, 18 (1955) 370. 
R. LAURILA AND M. LaskowskI, J. Biol. Chem., 228 (1957) 49. 

MARKHAM AND J. J. SMITH, Biochem. J., 52 (1952) 552, 558, 565. 

D. Hotcukiss, J. Biol. Chem., 175 (1948) 315. 

A. HAKIM AND J. M. Pappas, Clin. Chim. Acta, 4 (1959) 84. 

. Kunitz, J. Gen. Physiol., 33 (1950) 349. 

. A. HAkim, Exptl. Med. Surg., 14 (1956) 204. 

A. Hakim, Exptl. Med. Surg., 14 (1956) 344. 

D. Kow.essar, K. I. ALTMAN AND L. H. HEMPELMAN, Nature, 172 (1953) 867. 
D. Kow.essar, K. I. ALTMAN AND L. H. HEMPELMAN, Arch. Biochem. Biophys., 52 (1954) 362. 
. B. ARMSTRONG AND J. C. WHITE, Lancet, 259 (1950) 739. 

. W. Racker, Vet. Med., 49 (1954) 235. 

. SALOMON, J. H. HERSCHFUS AND M.S. SEGAL, Ann. Alergy, 12 (1954) 71. 

. J. Jounson, P. R. GOGER AND W. S. TILLET, /. Clin. Invest., 33 (1954) 1670. 

. F. CLiFFTON, Diseases of Chest, 30 (1956) 373. 

18M. McCarty, J. Expil. Med., 88 (1948) 181. 

19M. McCarty, J. Exptl. Med., 90 (1949) 543. 

20 G. BRAWERMAN AND E. CuHarGAFF, J. Biol. Chem., 210 (1954) 445. 

21 W. FRISCH-NIGGERMEYER, K. Kirk, H. KALJUMEN AND O. HoFFMAN, Monatsh., 82 (1951) 758. 


22M. LaskowskI, Arch. Biochem., 11 (1946) 41. 
23 A. R. TaBorpba, L. C. TaBorpDaA, J. N. WILLIAMS, JR. AND C. A. ELVEHJEM, J. Biol. Chem., 195 


(1952) 207. 
4K. D. Brown, G. JAcoBs AND M. LasxowskI, J. Biol. Chem., 194 (1952) 445. 


Ss F MeN BoP WO DH 


APOOMOOPPEPHRCEIN< 


Received January 4th, 1959 





CLINICA CHIMICA ACTA VOL. 4 (1959) 


THE DETERMINATION OF SERUM a- AND f- 
LIPOPROTEIN CHOLESTEROL 


N. CRAWFORD 
Surgical Research Unit, Queen Elizabeth Hospital, Birmingham (Great Britain) 


Cholesterol and certain other lipid substances are carried in the serum in the 
form of lipid—protein complexes. By filter paper electrophoresis two main lipoprotein 
fractions can be demonstrated. These have been termed the a- and f-lipoproteins 
since they are largely associated with the a- and f-globulins of the serum. 

The techniques available for the separation and determination of these lipopro- 
teins fall into three main groups. These are: 

1) Ultracentrifugation in which the macromolecular protein-lipid complexes float 
or sink according to their densities relative to the density of the suspending medium !:2, 

2) Ethanol and salt fractionation methods which depend upon differing solubilities 
of the various fractions 3-5, 

3) Paper electrophoresis procedures combined with either lipid staining or the 
chemical determination of some constituents of the lipoprotein molecule such as 
cholesterol or phospho-lipid ®: 7. 

In general these methods are comparable since the high and low density lipo- 
proteins separated ultracentrifugally can be identified with the electrophoretically 
separated a- and f-lipoproteins respectively and the estimation of cholesterol in these 
fractions is in good agreement with the values obtained by ethanol and salt fractional 
technique’ *. Ultracentrifugation is perhaps the most specific of the methods for 
lipoprotein separation, but is outside the scope of the routine clinical laboratory. The 
salting out procedures, with for example, ammonium sulphate® have been largely 
abandoned and the CoHN fractionation procedures with cold ethanol are time con- 
suming and require very careful control of pH, temperature, ionic strength, etc. Paper 
electrophoresis is a simple procedure but methods of evaluation by direct photometry 
of the stained strip or by dye elution are subject to some errors. These are largely due 
to variations in dye-lipid binding affinity. 

The purpose of this paper is to describe a method for the determination of a- and 
f-lipoprotein cholesterol distribution as a lipoprotein index in electrophoretically 
separated serum using a modified ferric chloride procedure previously described ®. It 
is believed that this method has some advantages over methods requiring hydrolysis, 
or those using correction factors due to cholesterol esters producing more colour than 
cholesterol with the LIEBERMAN—BURCHARD reaction. The method requires only about 
0.2 ml of serum and recoveries and duplicate reproducibility are satisfactory. 

In addition some observations are made on the keeping quality of deepfrozen 
sera (—20°) with respect to their cholesterol content and lipoprotein cholesterol dis- 
tribution. 
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METHOD 
Principle 


The method entails separation of the serum lipoproteins by paper electrophoresis, 
identification and outlining of the fractions by reference to a stained marker strip; 
elution of the cut segments with chloroform—methanol mixture and the estimation of 
cholesterol in the eluate by the ferric chloride reaction. 


Reagents and apparatus 


For the electrophoresis separation the E.E.L. apparatus* comprising a mains 
operated power supply and six-strip bath has proved quite satisfactory and the buffer 
solution we have used has the following composition: 

19.5 g sodium acetate, 30 g sodium barbitone and 205 ml of 0.1 N HCl are 
dissolved in water and made up to I litre. This solution is diluted 1 in 3 for use. 
pH 8.6. J = o.1. 

(1) Sudan Black staining solution was prepared exactly according to Swahn*, 
1 g of Sudan Black B (Gurr) is added to 1000 ml of 60% ethanol and after bringing 
just to the boil the solution is cooled and filtered through Whatman No. 1 filter paper. 
Later in the study a Sudan Black B dye solution prepared according to the formula of 
Mornat ¢é al.” has been used. This solution, made by dissolving 0.1 g of the dye ina 


Fig. 1. The extraction rotator and drying apparatus. 


100 ml of methanol—isopropanol—water 30 : 30: 40, has proved slightly superior to the 
original method though the background is not quite as white. The wash solution was 
30% isopropanol in distilled water. 

(2) Extraction solvent. Choloroform—methanol mixture 2:1. 


* Evans Electroselenium Ltd., Harlow, Essex, Great Britain. 
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(3) Stock ferric chloride solution (5% w/v). 2.5 g FeCl;.6H,O (AnalaR) is dis- 
solved in glacial acetic acid and made to 50 ml in a volumetric flask with more 
glacial acetic acid. This solution should be stored in the refrigerator and thawed out 
just before use (discard when precipitate becomes evident). 

(4) Working solution of ferric chloride (I mg/ml). Prepare fresh by diluting 1.0 
ml of the stock solution to 50 ml with glacial acetic acid in a volumetric flask. 

(5) Concentrated sulphuric acid (M.A.R. grade). 

(6) Glacial acetic acid. The AnalaR reagent is redistilled. 

(7) Cholesterol stock solution (1.25 mg/ml). 125 mg cholesterol are dissolved in 
100 ml glacial acetic acid. 

(8) Working cholesterol standard (75 ug cholesterol and 3 mg FeCl;/3 ml). This 
is freshly prepared by placing 1 ml of the cholesterol stock solution and 1 ml of 5% 
ferric chloride in a 50-ml flask and diluting to the mark with glacial acetic acid. 

Some method of continuous agitation or rotation of the extraction tubes is re- 
quired. We have found that a 78 r.p.m. gramophone motor (geared down to 30-40 
r.p.m.) to the spindle of which is fitted a 14-inch diameter wooden disc with spring 
clips serves very well for continuous agitation during the extraction. Suitable motors 
may be cheaply purchased second hand. This extraction unit is shown in Fig. 1. 

For drying off the extraction fluid we have used a dry filtered current of air from 
an E.E.L. flame photometer compressor (as supplied by E.E.L. for use with their 
flame photometer), through a dust trap and manifold to the tubes supported in a 
water bath at 65 + 2°. A diagramatic representation of this unit is shown in Fig. 2. 
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Fig. 2. Diagram of the manifold used for Fig. 3. Sample strip showing method of 
drying off the extracts. subdivision. 


Electrophoretic separation 


The method of separation is similar in some respects to that of HARDWICKE!! 
who also employed a horizontal type apparatus which consisted of a perspex box 
lined with lint soaked in distilled water and electrodes connected with the buffer 
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compartment by agar bridges. In our experience with the commercial instrument it 
has not been found necessary to use lint to ensure an atmosphere saturated with 
water vapour and providing the polarity of the bath is reversed after each run, up toa 
dozen runs can be made with no loss in quality of the separation or in reproducibility 
of the results. We have also found that the removal of the wick supplied with the ap- 
paratus for connecting the electrode compartments to the buffer cells resulted in a 
better separation and the elimination of a slight fuzzy appearance which had previ- 
ously been observed. 

A transverse pencil line is ruled 13 cm from one end of a 34 x 5cm filter paper 
strip (Whatman 3 mm) and five pencil dots are made on this line 0.5 cm apart over the 
middle 2 cm. Three strips are required for each serum analysis. The filter papers are 
soaked in buffer solution and carefully blotted to remove excess buffer. Five spots of 
0.01 ml of serum (0.02 ml for rabbit serum and serum of known low lipid content) are 
now applied to the pencil dots with a micro pipette. Though five separate applications 
are not conducive to good reproducibility within replicates in terms of absolute 
cholesterol content of the separate fractions, this method results in a more even 
separation with better reproducibility when expressed as % distribution. The strips 
are then placed in the apparatus with the serum towards the cathode end and the glass 
lid sealed into position with silicone grease. The current is adjusted to 2.0 mA/strip 
and separation allowed to proceed for 16 h. The current rises slightly over the first 
half hour and adjustments are made using the fine control setting during this period. 
After the run the paper strips are carefully removed from the bath, supported on a wire 
frame by stainless steel clips, and air dried. One strip from each triplicate is used for 
staining as a reference strip and the remaining two for duplicate cholesterol deter- 
mination. 


Subdivision of the strips and cholesterol extraction 


After air drying a reference strip from each series is stained with Sudan Black B 
for 2-3 h, washed in four changes of 50% alcohol (Io min in each bath) and again air 
dried. The stained a- and -lipoprotein fractions are then lightly outlined with pencil 
and the albumin fractions on all strips are identified by their blue fluorescence under 
U.V. light. A pencil line is drawn across this marker strip at a position approximately 
2 mm ahead of the f-lipoprotein fraction. A further line is now drawn on the cathode 
side of this line to enclose in this segment all the £-lipoprotein and non migratory lipid 
material. This £-lipoprotein section is then measured exactly and a section of equal 
width is ruled off from the middle f-lipoprotein line to a position ahead of the albumin 
fraction (Fig. 2). This section then includes all the albumin and a-lipoprotein material. 
Finally a blank section is ruled off at each end of the electrophoretic run. The sum of 
these two blank sections is arranged to be of a length equal to the lipoprotein sections. 
By reference to this marker strip the two unstained strips are ruled in exactly the 
same manner. 

Occasionally slight difficulty has arisen in deciding the division line at the f- 
lipoprotein front. This is rarely so with normal and high lipid content human serum 
but may happen in experimental work when the a/f ratio is markedly altered. Subdi- 
vision of the marker strip longitudinally and staining one half for protein with the 
bromophenol blue either before or after the Sudan Black staining has helped to over- 
come this difficulty. 
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For the cholesterol extraction the lipoprotein and blank sections are placed in 
separate ground glass stoppered test tubes of 15 ml capacity after first cutting up into 
approximately I-cm strips. Both blank segments for each strip are placed in one tube. 
7 ml of chloroform—methanol mixture (2:1) is placed in each tube and the stopper 
sealed in position with parafilm. A trial study with various solvent mixtures revealed 
that this combination was the most satisfactory for the procedure. The tubes are 
allowed to rotate on the extraction turn-table for 4 h. After extraction the filter paper 
sections are removed with stainless steel forceps, washing during withdrawal with a 
small volume of solvent mixture from a polythene wash bottle with a fine jet. The ex- 
tracts are then evaporated down to dryness by placing in a water bath at 65 +- 2° and 
passing a current of dry air over the solvent surface (Fig. 2). The residues are then 
ready for cholesterol estimation. 


Cholesterol determination 


To each of the dry residues in the test tubes add 3.0 ml of the working ferric chlo- 
ride solution. Place the tubes in a boiling water bath for exactly 5 min. When thorough- 
ly cool, to each tube add 2.0 ml of concentrated sulphuric acid. For routine studies 
both the ferric chloride solution and the sulphuric acid can conveniently be added 
by burette. It is essential that the acid is allowed to flow down the side of the tube 
producing two layers. The tubes are then tightly stoppered and the solution thoroughly 
mixed by slow inversion to avoid bubble formation. Should bubbles form, a short 
period of centrifugation will remove them. 

After standing 30 min at room temperature the optical densities are compared 
against the blank in a spectrophotometer. We have used 10 mm cells in the Hilger 
Uvispek instrument with a wavelength setting of 560 my. A standard is included in 
each series consisting of 3.0 ml of the working cholesterol standard solution (= 75 ug) 
to which is added 2.0 ml of concentrated sulphuric acid exactly as in the test. This is 
compared against its own reference solution consisting of 3.0 ml of the working solu- 
tion of ferric chloride treated similarly with sulphuric acid. 

Density of test 
Density of standard 





x 75 


ug cholesterol in a- or B-lipoprotein section = 


Since five separate applications are made to the reference line to ensure uniformity 
of distribution it is rarely possible to ensure that exactly the same amount of serum is 
applied to each of the duplicates for electrophoresis. Therefore the percentage lipo- 
protein cholesterol distribution is calculated separately for each strip and the mean 
value of these distributions taken for the report. 


EXPERIMENTAL 
The extraction procedure and recovery studies 


A study was first made of the conditions necessary for complete extraction of the 
cholesterol from the strips. This was carried out as follows: Two Whatman 3-mm 
filter paper strips were subdivided by pencil lines into six 4-cm lengths (numbered 
1-6) together with a composite blank comprising two 2-cm sections, one from each 
end. The strips were dipped in buffer solution and allowed to dry. Exactly 0.05 ml of 
fresh human serum (total cholesterol 296 mg%) was streaked onto each section Nos. 
1-6 distributing the serum over the largest surface area possible. After allowing the 
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strips to dry in the air, each was cut into approximately 1-cm widths and placed in a 
separate ground glass stoppered test tube (15-ml capacity). The two blanks required 
for each strip were placed into the same tube. 7.0 ml of 2:1 chloroform-—methanol 
mixture were added to each tube and duplicate tubes from each of the strips were 
allowed to rotate on the mechanical extractor for periods of 1, 2 and 4h. The strips 
were removed from the tubes with stainless steel forceps, the extract evaporated to 
dryness and cholesterol determined in each residue. The results indicated that though 
recovery is poor for 1 h extraction (mean 85%) there appears to be complete extrac- 
tion in 2 h (mean 101%). However, it was felt that, since the quantity of cholesterol 
applied was rather low (14.8 wg), and perhaps with larger quantities some masking 
effect by the serum protein may occur, a further study should be carried out by spot- 
ting increasing volumes of a known strength cholesterol solution onto filter paper 
segments which had previously been streaked with serum of known cholesterol con- 
tent. 

The experimental procedure was similar but each segment was first streaked with 
0.01 ml of serum (total cholesterol 297 mg%) through the range 0.01—0.04 ml (12.5- 
50 wg). One of each duplicates was subjected to an extraction period of 2 h and the 


TABLE I 


RECOVERY OF CHOLESTEROL ADDED TO SERUM 





bug Cholesterol applied 


Strip and Rotation As Cholesterol Iida Mean 
segment time standard Total found 0 , vecovery 
Oo 


h solution beg 








12.5 42.2 39.9 
25.0 54-7 51.3 
37-5 67.2 63.9 
50.0 79-7 71.9 
12.5 42.2 43.0 
25.0 54-7 51.7 
37-5 67.2 68.9 
50.0 79-7 78.4 


~kA RAN YN DN NH 





other to a period of 4h. The results are shown in Table I and indicate that on the 
average better recoveries are achieved by the longer extraction period for cholesterol 
values of the order of 42-80 uwg/segment (6 cm length). 

Having decided upon the extraction time of 4 h, further recoveries were carried 
out in order to establish the confidence limits of the method under standardised con- 
ditions. For this experiment duplicate aliquots of 0.2 to 1.0 ml of an accurately pre- 
pared cholesterol solution were allowed to dry on filter paper segments and the choles- 
terol extracted and estimated according to the procedure described. The standard 
solution of cholesterol was prepared by weighing out exactly 5 mg of twice recrystal- 
lized cholesterol on a quartz fibre torsion balance, dissolving in chloroform and 
making up to volume in a Grade A N.P.L. certificated 100-ml volumetric flask. Added 
cholesterol therefore covered the range 10-50 yg in 5-ug increments. With the excep- 
tion of two values for 10 and 15 wg giving 112 and 113 % recovery the overall recovery 
appears to be of high order; mean 99.6%. The two high results would perhaps indicate 
a limitation in the procedure in that when the method is applied to material where the 
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concentration of cholesterol in any one lipoprotein fraction is below 20 ug an over- 
estimation can occur outside the normal confidence limits of the procedure. 


TABLE II 


RECOVERY OF TOTAL SERUM CHOLESTEROL IN @ AND B FRACTIONS 





Amount Amount of Cholesterol Cholesterol 





Source of nip A + ne pins of tty “abides ed mn found Cholesterol 
serum ratio cholesterol “PPI¢ oe ery total re hd 
a  B  meg/roo ml to strip tostrip ug % 
ml ug a ME 

1. Normal rabbit I.5:1 49.0 0.10 49 29 #17 46 95 
2. Normal rabbit +2 33.2 0.10 33 I5 17 32 96 
3. Normal rabbit 1.5: 1 55.8 0.10 56 33. 25 58 105 
4. Rabbit on high 

cholesterol diet I : 15 725 0.05 362 21 325 346 96 
5. Rabbit on high 

cholesterol diet I : 10 346 0.05 173 16 160 176 102 
6.Normalhuman 1 : 2.5 168 0.05 84 26 38665 gI 108 
7.Normalhuman 1 :3 296 0.05 148 38 105 143 97 
8.Normalhuman I : 2.5 174 0.05 87 26 67 93 107 





Table II shows the recovery figures when the method is applied to serum samples 
of widely varying lipoprotein ratios. In this study an attempt was made to apply an 
accurately known volume of serum to the strips prior to electrophoresis by means of a 
single volume application to the reference line. Recoveries, therefore, have been cal- 
culated by reference to the total serum cholesterol figures estimated independantly by 
the ferric chloride method previously described (CRAWFORD ®). While no upper limit was 
established satisfactory recovery was found up to 350 mg lipoprotein cholesterol per 
segment. 


Precision of the method 

Reproducibility studies were made on duplicate separations of rabbit sera. This 
analysis drawn from experimental, normal and cholesterol feeding series covers the 
range 75/25, through 50/50 to 4/96 a/f lipoprotein ratios. In terms of percentage dis- 
tribution of a-lipoprotein cholesterol the mean difference between duplicates is of the 
order of 3.5% (mean) with a standard deviation of 2.7. These results shown in Table 
III demonstrate that the precision of the method is satisfactory in routine studies. 


Storage of sera — Effect upon the analysis 


There appears to be some difference of opinion in the literature regarding the ef- 
fect of short and long term refrigerated storage upon the serum lipids and their dis- 
tribution. ONCLEY AND GURD?* state that for ultracentrifuge studies serum may be 
kept in the refrigerator at 5° for several weeks while VERSCHURE '’ referring to quan- 
titative studies suggests that denaturation of the lipoproteins may occur, increasing 
their absorptive properties to the cellulose during paper electrophoresis. 

Since, during the course of this study, it occasionally became necessary to store 
serum before and during analysis it was decided to investigate the effect of deep frozen 
storage (—20°) upon the serum cholesterol and its distribution in the lipoproteins. It 
was felt that some of the effects quoted in the literature may possible be attributed to 
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TABLE III 


REPRODUCIBILITY STUDY ON 50 RABBIT SERA 








la a Duplicate eee Duplicate 
oO oO 

‘! enact Duplicate differences 4: ee ian Duplicate differences 

Duplicate Mean ee Dublicate Mean ee 
mean mean 
49-3 50.7 50.0 1.4 2.8 52.7 51.7 52.2 1.0 1.9 
49-3 47.4 48.3 1.9 3.9 57-5 63.8 60.6 6.3 10.3 
48.3 48.2 48.2 O.1 0.2 58.2 57.4 57.8 0.8 1.4 
49.9 47.1 47.0 0.2 0.4 68.7 71.5 70.1 2.8 3-9 
49.6 48.9 49.2 0.7 1.4 53-4 53-5 53-4 O.1 O.I 
50.0 50.9 50.4 0.9 1.9 72.9 70.7 71.8 2.2 3-3 
50.7 52.4 51.5 1.7 3.3 60.7 60.0 60.3 0.7 I.1 
53-7 58.4 56.0 4-7 8.3 44.0 42.9 43.6 I.I 3.2 
47.8 49.1 48.5 1.3 2.6 63.9 67.8 65.8 3.9 5.9 
55-3 51.9 53.6 3.4 6.3 25.2 25.3 25-3 O.I 0.3 
49.3 47.4 48.4 1.9 3.9 40.2 43.8 42.0 3.6 8.5 
51.3 50.6 50.9 0.7 1.3 59.1 62.5 60.8 3.4 5-5 
50.0 50.9 50.5 0.9 1.7 41.3 38.8 40.0 2.5 6.2 
48.3 48.3 48.3 0.0 0.0 50.9 54.3 55-7 2.6 4.3 
48.7 49.3 49.0 0.6 1.2 47-5 49.0 48.2 1.5 Ape 
65.5 68.3 66.9 2.8 4.2 3-9 4.1 4.0 0.2 5.0 
62.6 63.6 63.1 1.0 1.6 56.8 52.4 54.6 4-4 8.0 
59.6 59.1 59.3 0.5 0.8 41.2 43.5 43-3 0.3 0.7 
70.5 72.5 71.5 2.0 2.97 60.8 64.2 62.5 3-4 5-4 
72.5 68.9 70.7 3.6 5.0 47.0 46.2 46.6 0.8 1.7 
50.7 52.4 51.5 1.7 3-3 4-7 4.5 4.6 0.2 4-3 
53-7 58.4 56.6 4-7 8.2 8.1 8.2 8.2 0.1 1.2 
60.6 64.9 62.7 4.3 6.8 3-9 4.1 4.0 0.2 5.0 
63.6 62.6 63.1 1.0 1.5 7% 97 7.6 0.7 9.2 
74.6 75.0 74.8 0.4 0.5 43.6 43.2 43-4 0.4 0.7 





No. = 50 mean = 3.5% 
std. dev. = 2.7 


denaturation of the protein—lipid complex due to too frequent thawing and refreezing 
during the analytical procedures. Fresh human serum was analysed (for total and free 
cholesterol) on the day of withdrawal and the lipoprotein cholesterol distribution de- 
termined the next day after overnight electrophoresis, The resulting serum was dis- 


TABLE IV 


EFFECT OF DEEP FROZEN STORAGE (— 20°) UPON THE ANALYSES 








Period of Lipoprotein cholesterol 
deep frozen 1 ele led s"ee distribution Migration 
cholesterol cholesterol cholesterol ‘ ; 
storage n tal % index 
Re: 8 Mg ug o of tota ” B 
fresh 290 79 27 24 76 0.46 
I 283 78 28 25 75 0.43 
2 286 -- _ 24 76 0.44 
3 287 78 27 28 72 0.44 
6 281 74 26 29 71 0.49 
8 281 81 28 25 75 0.51 
12 279 76 27 26 74 0.45 
24 288 82 28 24 76 0.46 
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tributed into small (24 x 8 mm) sample tubes tightly stoppered, the tops coated with 
wax and placed in the refrigerator at —-20°. Each tube contained approximately 0.8 
ml. At intervals of 1, 2, 3, 6 and 8 weeks, and 3 months and 6 months one of these 
samples was removed from the deep freeze, allowed to thaw out at room temperature, 
carefully mixed to avoid denaturation and analysed. The results of these analyses are 
recorded in Table IV. The migration index in the last column refers to a figure cal- 
culated from the relationship between the distance travelled during the electro- 
phoresis of the Sudan Black stained f-lipoprotein front, measured from the line of 
application, and the leading edge of the albumin fraction as indicated by U.V. fluo- 
rescence measured from the same reference point. These results indicate that for 
periods at least up to 6 months providing the serum sample is not subjected to more 
than one freezing and thawing, values for total and free cholesterol and lipoprotein 
cholesterol distribution do not vary outside the confidence limits of the analytical 
techniques used. The migration index as a measure of relative mobility, also appears 
not to vary greatly during this period if one may disregard the two spurious results at 
6 and 8 weeks. 
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SUMMARY 


A method is presented for the estimation of serum lipoprotein cholesterol distri- 
bution suitable for routine studies. The technique involves filter paper electrophoresis, 
extraction of cholesterol from the fractions, followed by estimation using a modified 
ferric chloride procedure previously described. Recoveries appear to be quite satis- 
factory and reproducibility is of fairly high order. In addition some observations are 
made on the effect of deep frozen storage of the serum samples upon the analysis. 
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THE VISCOSITY OF MACROGLOBULIN AND EUGLOBULIN 
SOLUTIONS 


A. E. STEEL 
Biochemistry Department, Killingbeck Hospital, Leeds (Great Britain) 


Plasma and serum viscosity has been used as a clinical test by many workers as 
an index of protein changes. The viscosity of solutions of isolated proteins has been the 
subject of several investigations. CHICK! measured the viscosity of solutions of am- 
monium sulphate fractionated pseudoglobulin and euglobulin at different concentra- 
tions, temperatures and hydrogen ion concentration. ONCLEY e¢ al.? determined the 
intrinsic viscosity of a number of proteins separated from serum by ethanol fractio- 
nation and noted that y-globulin showed some variations with different preparations. 
HARKNESS AND WHITTINGTON® presented viscosity—concentration data for serum 
albumin and globulin fractions. HEss AND CoBURE‘ defined the factors upon which 
the viscosity of protein solutions depends, determined the intrinsic viscosity of whole 
serum and related this to the values for individual proteins. LAWRENCE ® described a 
fractional viscosity technique in which ammonium sulphate was used to precipitate 
protein fractions and the viscosity of the filtrates measured. ZIMMERMANN AND NICo- 
LAUS® determined the viscosity of serum albumin and y-globulin from various sources 
at different concentrations and temperatures. The high viscosity of solutions of ma- 
croglobulins has been referred to in the literature. LERNER AND GREENBERG’ give an 
isolated measurement on a cryoglobulin which showed a marked viscosity—temper- 
ature dependance, but no data appear to have been reported for macroglobulins. 

In the present report viscosity—concentration studies have been made on seven 
“euglobulin’ preparations from human sera some of which are shown to contain 
macroglobulins in high concentration. In all these cases the protein was associated 
with the y-globulins on paper electrophoresis at pH 8.6 


MATERIALS AND METHODS 


Cases 1 to 4 have been enumerated in the previous paper (STEEL’). These 
and the following three cases have been examined with reference to the viscosity of 
their ‘euglobulin’ solutions. Case 5 (SM female, 37 years) euglobulin 0.71 g/100 ml 
serum; case 6 (RR male, 35 years) euglobulin 1.40 g % and case 7 (EMR female, 
52 years) euglobulin 1.25 g % were drawn from the survey of rheumatic patients. 

Viscosity was determined by the micro-method of WOODMANSEY AND WILSON ® 
and STEEL” using a slightly modified pipette. Protein content of all solutions was 
measured by a micro-Kjeldahl technique. Ultracentrifuge analysis was carried out with 
a ‘Spinco’ Model E ultracentrifuge using 0.5 to 1.0% protein in 0.1 M borate buffer of 
pH g containing 0.15 M sodium chloride. Samples of Cohn fractionated y-globulin and 
fibrinogen were kindly supplied by Dr. DRuMMonD ELLIs of the Edinburgh and South 
East Scotland Blood Transfusion Service. 
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EXPERIMENTAL 


The euglobulin, isolated after precipitation with 24 volumes of water, was dissolv- 
ed in a small volume of 0.1 M borate or phosphate buffer, the solution cleared by 
centrifuging and serial dilutions prepared in the same buffer. The viscosity and pro- 
tein content of each solution was measured. Fig. 1 shows the influence of buffer pH 
on the viscosity of the protein from case 1, human y-globulin and fibrinogen at a con- 
centration of 3 g/100 ml. Values are interpolated from viscosity—concentration curves 
covering a wide range of protein concentrations. Fig. 2 shows the viscosity—concentra- 
tion curves for the proteins from cases 1 to 5 and Fig. 3 the corresponding curves for 
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Fig. 1. The viscosity of solutions of macroglo- Fig. 2. The viscosity of solutions of the 
bulin (curve M), y-globulin (curve G) and fibri- proteins isolated from cases 1 to 5. y- 
nogen (curve F) shown as a function of the pH globulin (curve G) as a function of con- 
of the solution. Protein concentration 3.0 g/100 centration. Ionic strength 0.1, pH 8.0, 
ml, ionic strength 0.1 and temperature 20°. temperature 20°. 


cases 6 and 7. The plot obtained with human y-globulin is included for comparison. 
From these figures values for the intrinsic viscosity (H) were calculated using the 


I 

equation H = lim I: In 2 where c is the concentration of protein in solution in 
e>o LC Yo 

g/100 ml, 7 the viscosity of the solution and 7 the viscosity of the solvent. In Table I 


values for the intrinsic viscosity of the proteins tested are given and compared with 
values for y-globulin and fibrinogen. 


Dissociation of macroglobulin 


DEUTSCH AND MorTON!?! showed that treatment of macroglobulin solutions with 
mercaptoethanol or cysteine brought about dissociation to a single ultracentrifuge 
component of 6.5 S units. More recently HEIMER AND FEDERICO! have described 
similar results with the 19S-antibodies and the 22S-rheumatoid factor. 
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Solutions of macroglobulin from case 1 at concentrations between 2.95 and 1.10 
g/10o ml in 0.1 M phosphate buffer of pH 8 were treated with mercaptoethanol at 
a concentration of 0.1 M. The viscosity of the solutions steadily decreased, final 


TABLE I 


INTRINSIC VISCOSITY OF SEVEN EUGLOBULINS COMPARED WITH 
Y-GLOBULIN, FIBRINOGEN AND ULTRACENTRIFUGE DATA 





Isolated protein 





Case Ultracentrifuge Intrinsic viscosity 
ref. S units® % H ml/g 
1. (AK) 17-7 85 0.27 
6.9 15 
2. (HC) 24-3 60 0.28 
7:3 40 
3- (NG) 13°4 15 
10.9 80 0.23 
8.3 5 
4. (AMP) 21.2 40 0.19 
6.9 60 
5- (SM) 6.8 100 0.13 
6. (RR) 0.31 
7. (EMR) 0.28 
y-globulin 0.077) 
0.071? 
0.0704 
Fibrinogen 0.24? 
0.228? 
0.2044 





@ uncorrected values 
b author’s data 


readings being taken after 20 h at room temperature. Fig. 4 shows the viscosity—concen- 
tration curves before and after treatment with mercaptoethanol with curves for y- 
globulin and a 7S-euglobulin for comparison. 


DISCUSSION 


The viscosity of solutions of four euglobulins which separate from human serum 
on dilution with water and which contain large amounts of macroglobulin is signi- 
ficantly higher than the viscosity of solutions of y-globulin or of an euglobulin witha 
sedimentation constant of 7S. The data show a very rapid increase in viscosity with 
increase in protein concentration. Solutions of higher concentration than those shown 
in the figures have been prepared, examples being (AK) 4.50% protein with a viscosity 
of 11.25 cp and (RR) 5.15% protein with a viscosity of 14.50 cp. From the latter case 
a solution containing 6.44% protein was so viscous it would not flow in the viscosi- 
meter except under pressure. Calculation of the intrinsic viscosity of each protein 
shows values higher than any previously reported for serum protein fractions. In the 
two cases (Fig. 3) for which ultracentrifuge analysis was not available the data strongly 
suggest the presence of macroglobulins or highly asymmetric molecules in their solu- 
tions. All the euglobulins concerned were y-globulins and did not exhibit the cryoglo- 
bulin phenomenon. 
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Treatment of one of the solutions with mercaptoethanol was accompanied by a 
decrease in its viscosity to values slightly lower than those for the 7S-euglobulin. 

It is suggested that such data although not entirely conclusive are of value in the 
investigation of macroglobulinaemia. 
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1.0 > 3 - 5 Fig. 4. Viscosity—concentration curves for 

g/100 ml macroglobulin (case 1) before (curve A) and 

after (B) treatment with mercaptoethanol. 

Fig. 3. Viscosity—concentration curves Phosphate buffer pH 8.0, concentration 0.1 M, 

for the protein isolated from cases 6 temperature 20°. Curves G and E show y- 

and 7. Curve G is y-globulin. Condit- globulin and 7S-euglobulin (case 5) under the 
ions as for Fig. 2. same conditions. 
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SUMMARY 
The viscosity of solutions of seven euglobulins has been determined at different 
concentrations; five of these are correlated with ultracentrifuge measurements. The 
effect of pH on the viscosity of globulin solutions has been determined. Treatment of a 
macroglobulin solution with mercaptoethanol lowered its viscosity. 
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SPECTROCHEMICAL DETERMINATION OF MAGN ESIUM, CHROMIUM, 
NICKEL, COPPER AND ZINC IN HUMAN PLASMA AND RED CELLS 


LEONEL M. PAIXAO ano JOHN H. YOE 


Pratt Trace Analysis Laboratory, Department of Chemistry, 
University of Virginia, Charlottesville, Va. (U.S.A.) 


Recently this laboratory! reported a spectrochemical procedure for the deter- 
mination of magnesium, chromium, nickel, copper and zinc in human plasma. It was 
part of a long-range study of the trace element content of human blood being conduct- 
ed in co-operation with ByrpD, LEAVELL ef. al. in the Hematology Laboratory of the 
University of Virginia School of Medicine. The work reported in this communication 
is a continuation of these studies and includes values for magnesium, chromium, 
nickel, copper and zinc in human red cells, as well as additional values for these metals 
in human plasma. All samples of blood were taken from persons believed to be normal 
in health; a number of the samples were taken from the same individuals at intervals 
of several weeks to several months in order to determine the variation fo: the metal 
concentrations in the sample donors over a period of time. Similar studies are being 
made on samples taken from diseased persons but these will be reported later in a 
joint publication with the Hematology Laboratory. 

The procedures given in this paper require only about half the overall time re- 
quired by those previously reported! for plasma (35 hours), being 14 h for plasma and 
17 h for red cells. 


APPARATUS 


Spectrograph. Applied Research Laboratories 2-meter grating spectrograph, 
modified with exterior optics and ignitor ?. The camera was set so that all five elements 
could be determined on one film, covering a range from 4200 to 7000 A. Eighteen 
spectra were photographed on one film. 

Excitation source. Applied Research Laboratories rectifier unit, o-15 A direct 


current. 
Densitometer. Applied Research Laboratories film projection comparator-densito- 


meter. 

Electrodes. National Carbon special spectrographic graphite, 3/16-inch-diameter 
rod, cut to 1-inch lengths. The sample end of the electrode was drilled to a depth of 
1/16 inch with a 3/16-inch drill. The cup thus formed was treated with a drop of 
paraffin solution in carbon tetrachloride to prevent absorption of the sample by the 
electrode. The sample electrode is lower and negative. The upper and counter elec- 
trode is 1/8-inch in diameter. 

Muffle furnaces. Electric furnaces operated by automatic controllers (Wheelco 
Model 241 P) were used in ashing the samples. The temperature was checked with a 
thermocouple and was held within 465-—475°. 

Hypodermic syringes. 50-ml syringes, fitted with special platinum (89° )—ruthe- 
nium (11%) alloy needles (J. Bishop and Co., Platinum Works, Malvern, Pa.). The 
needles are size No. 19, and their collars are heavily gold plated. 
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REAGENTS 


Ammonium hydroxide. Baker and Adamson, reagent grade. Free of molybdenum 
and the metals being determined as shown spectrographically. 

Hydrochloric and nitric acids. Baker's analysed reagents, distilled in an all-Pyrex 
distilling apparatus until spectrographic analyses showed the absence of molybdenum 
and the metals to be determined. 

Hydrogen peroxide. Fisher certified reagent, high purity, 30%, with only 0.o001% 

heavy metals, 0.00002% Fe and free of Mg, Cr, Ni, Cu, Zn and Mo. 

Sodium heparin, solid salt. USP, Organon, Inc., Orange, N.J. Qualitative spec- 
trographic analysis of a sample showed it to be free of molybdenum and metals to be 
determined. 

Standard solutions. Solutions of sodium, potassium, calcium, magnesium, 
chromium, iron, nickel, copper and zinc were made from spectroscopically pure salts 
or metals (Mathey’s “‘specpure’’) and were used in the preparation of ‘‘synthetic’”’ 
blood fractions. 

Molybdenum trioxide (internal standard). Add 1.500 g of molybdenum trioxide 
(‘‘specpure’’) to a 1-1 volumetric flask containing 100 ml of concentrated ammonium 
hydroxide and gently warm on a hot plate till solution is complete. Then add 300 ml 
triply distilled hydrochloric acid, dilute to the mark with triply distilled water and 
mix. This solution contains I mg Mo per ml. 

Triply distilled water. Laboratory distilled water was redistilled twice. Two 
Pyrex stills in series and automatically controlled were used, the second condenser 
being fitted with a fused silica tube leading into a large polyethylene bottle protected 
from dust. 


EXPERIMENTAL 
A. Cleaning procedure 


1. All glassware and polyethylene bottles, etc. used in the analyses should be 
cleaned in the following manner: (a) Wash thoroughly with detergent and water; 
(b) Immerse in a 1:1 mixture of concentrated sulfuric and nitric acids for at least one 
hour; (c) Rinse six times with distilled water, followed by six rinsings with triply 
distilled water; (d) Dry in an oven at 80°. 

2. The needles are cleaned in the same manner as described above except that 
they are dipped in the acid bath for 10 to 15 sec only. The clean needles and syringes 
are placed in glass jackets, which have also been cleaned, and are sterilized in an oven 
at 180° overnight. 


B. Synthetic samples and calibration curves 


Calibration curves were obtained from synthetic samples whose composition 
closely approximated that of the blood fraction being analysed (see Table I). These 
samples were stored in sealed polyethylene bottles and were used periodically for 
checking and/or recalibration of the standard curves. 


C. Preparation of samples 


The blood samples must be drawn from the donor in a careful manner in order to 
avoid contamination. They were drawn as described by THIERS, WILLIAMS AND 
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YoE? in their work on cobalt, using a 50-ml hypodermic syringe, fitted with a special 
platinum-ruthenium alloy needle. Sodium heparin (1.6 mg per 50 ml of sample) is 
placed in the syringe before the sample is drawn so as to prevent coagulation of the 
blood. Immediately after being drawn, the blood is transferred to a 60-ml polyethy- 
lene bottle and the red cells and plasma fractions separated by centrifugation. Samples 


TABLE I 
DATA ON SYNTHETIC SAMPLES 





Concentrations in p.p.m. 





Element Cells Plasma 
Sodium 1200 2000 
Potassium 400 200 
Calcium 20 100 
Magnesium 30-96 12-36 
Iron 510 I 
Chromium 0.024—0.08 0.02—0.08 
Nickel 0.020—0.08 0.04—0.125 
Copper 0.4—-1.4 0.6—2.0 
Zinc 4-20 I-7.5 





ranging from four to six grams for the cells and from nine to eleven grams for the 
plasma, are drawn from the bottle with a syringe and are individually transferred to 
previously weighed 50-ml Erlenmeyer flasks that have been tightly covered with thin 
polyethylene caps. The flasks are uncapped, reweighed and the sample weights ob- 
tained by difference. The samples are dried under a set of 250-W lamps; this requires 
about 2h. They are then transferred to a hot plate under another infrared lamp, 
charred for about one hour and placed in a muffle furnace at 465-475°. The plasma 
requires about 7 h for ashing; the red cells about 10 h. Only one sample out of sixty 
required a longer ashing time. ‘“‘Synthetic’’ samples containing known amounts of 
zinc were given the same analysis steps as the plasma and red cells and there was no 
indication of loss of zinc due to volatilization (see Table III). However, a word of 
warning is in order because of the danger of local overheating in the case of large 
samples, due to the heat resulting from oxidation? * °, 

The samples are removed from the furnace, cooled and to each is added 2 ml 
of concentrated nitric acid and 0.25 ml of 30% hydrogen peroxide. They are evapor- 
ated to dryness under infrared lamps and given successive treatments of 1 ml of 
nitric acid to insure complete removal of any organic matter left from the ashing. 
The salts are converted to chlorides by the addition of hydrochloric acid and evapora- 
tion to dryness. They are then ready for dilution and spectrographic analysis. 


D. Analytical procedure 


The chloride salts are dissolved in triply distilled water and made to volume in 
5-ml volumetric flasks to which has been added 0.13 ml of the molybdenum trioxide 
solution as the internal standard. To facilitate dissolving the plasma samples, two 
drops of hydrogen peroxide were added to the chloride salts. An appropriate volume 
of sample solution (see Table II) is transferred dropwise with a syringe to a graphite 
electrode and evaporated to dryness. A soapstone block drilled to hold electrodes 
serves as a convenient holder; it is placed on a hot plate at 130°. 


References p. 514 





510 L. M. PAIXAO, J. H. YOE VOL. 4 (1959) 


The arcing, exposure, and photographic processing conditions are summarized 
in Table II. After developing the film, the percentage transmission of the analytical 
lines (all in the second order) of the elements being determined the internal stan- 


TABLE II 
DATA ON SPECTROGRAPHIC CONDITIONS OF THE METHOD 





Spectral region 4200-7000 A Emulsion SA No. 2 film 

Slit width 0.04 mm Development Eastman Kodak D 19 
5 min at 70 °F 

Preburn time none Fixing Eastman Kodak, rapid 
liquid fixer, 5 min 
duration 

Exposure period 35 sec 

Amperage 1z2A Washing 10 min 

Electrode gap- 6 mm 


Mg Cr Ni Cu Zn 
Analytical lines 2795.53 4254.34 3414.76 3247.54 3345.02 


(2nd order) 
Internal stand lines 2816.15 2816.15 2816.15 3208.83 2816.15 


(2nd order) 
Amount/electrode 0.22 ml 0.22 ml 0.22 ml 0.05 ml 0.22 ml 


(cell) 
Amount/electrode 0.35 ml 0.35 ml 0.35 ml 0.03 ml 0.35 ml 


(plasma) 





dard lines are measured with a densitometer and the concentration of the metals are 


read off from the calibration curve, prepared by plotting p.p.m. against the ratio of 
the intensity of the internal standard line to that of the analytical line. 


RESULTS 


A. Accuracy of the method 
A comparison with those reported in the literature indicates that our results are 
consistent. However, a more rigorous evaluation of the method was desired. This was 


TABLE III 
DATA ON ACCURACY OF METHOD 





Cells Plasma 


Amount Amount Amount Amount 
Run Element added vecovered added vecovered 


in p.p.m. in p.p.m. in p.p.m. in p.p.m. 








Magnesium 40.0 38.7 10.0 9.79 
70.0 : 25.0 20.1 
100.0 ; 40.0 40.75 


Chromium 0.01 ; 0.01 0.01 
0.025 , 0.025 0.027 
0.04 ; 0.04 0.044 
0.05 0.05 0.054 
0.10 : 0.10 0.10 
0.20 ; 0.20 0.19 
0.40 0.50 0.54 
1.00 ‘ 1.00 0.97 
2.00 ; ; 1.98 
5.00 ‘ ; 0.98 
12.00 ; ; 3.06 
20.00 ; ; 5.13 


Nw 


nN me Ww 


WON HH WHR WH HW 
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done by preparing “‘synthetic’’ samples of the five metals under consideration and 
analyzing them. The results are shown in Table III. In the case of chromium the meth- 
od was further checked against a spectrophotometric method recently developed in 


TABLE IV 
DATA ON ACCURACY OF METHOD FOR CHROMIUM 





i Ashed and analysed 
spectrographically 
analysed analysed 
colorime- spectro- 
trically® graphi- 
| cally 
us p-p.m. Gi p.p.m. é p-p.m. 
0.027 0.028 0.030 
0.032 0.030 0.027 Sample B 
0.026 0.026 0.024 Sample C 
0.034 0.032 0.035 Sample D 
0.029 0.032 0.031 Sample E 
0.017 0.017 - Sample FP 
0.026 0.025 - Sample GP 








a Analyses by DwicnT O. MILLER. 
b Samples F and G were separated after they had been ashed. 


this laboratory*. The steps followed in the two methods and a comparison of the re- 
sults are presented schematically in Table IV. As is noted, the two methods gave 
satisfactory values for chromium and are in excellent agreement with each other. 


B. Precision of the method 

A series of samples was analyzed at intervals of three months in order to deter- 
mine any fluctuation in the standard values obtained from the calibration curves. The 
results for the blood fractions of one of these samples are shown in Table V. The 
coefficients of variation are given in Table VI. 


TABLE V 
DATA ON PRECISION OF THE METHOD 





Blood Run I Run 2 Run 3 Average 
fraction p.p.m. p.p.m. p.p.m. p.p.m. 
Magnesium Plasma 14.0 16.2 15.0 15.1 
Cells 52.7 58.6 50.2 53.8 


Chromium Plasma 0.024 0.025 0.025 0.025 
Cells 0.017 0.019 0.016 0.017 


Nickel Plasma 0.00 0.00 0.00 0.00 
Cells 0.00 0.00 0.00 0.00 
Plasma 0.58 ; : 0.62 
Cells 0.59 .9: : 0.99 
Plasma 2.30 ; ; 2.63 
Cells 8.80 ; . 9.10 


Element 
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TABLE VI 


COEFFICIENT OF VARIATION® 


VOL. 4 (1959) 





Element 


Blood 
fraction 


Number of 
determinations 


Average 
concentration 


p.p.-m. 


Coefficient 


of variation, v 





Magnesium 


Chromium 


Nickel 
Copper 


Zinc 


Plasma 
Red cell 


Plasma 
Red cell 


Plasma 
Red cell 
Plasma 
Red cell 


Plasma 
Red cell 


39 
40 
39 
40 
39 
40 
39 
40 
39 
40 


19.4 

64.8 
0.024 
0.022 
0.023 
0.051 
0.99 
0.94 
2.70 

11.40 


0.30 
0.37 
0.19 
0.31 
1.95 
0.72 
0.13 
0.63 


0.44 
0.27 





@ Calculated as follows: 


where: d 


3= 
C= 


number of determinations. 
average concentration. 


& d? 
n 


= difference of the determination from the mean. 


TABLE VII 


MAGNESIUM, CHROMIUM, NICKEL, COPPER AND ZINC IN HUMAN PLASMA 





Average 


concen- 
tration 


p.p.m. 


Spread 


Number of 


deter- 


Method 


minations 


Investigator 





Magnesium 


Chromium 


Nickel 


Copper 


19.4 
20.4 
24.0 
22.7 


0.024 
0.180 
0.020 


0.023 
0.040 
0.030 
0.99 
I.10 
1.20 
0.92 
0.98 
2.70 
3.00 
1.30 
1.20 
1.95 
3-50 
1.25 


1.13 
0.71 


13.1-—37.2 
17.0—28.8 
10.0—42.0 


17.0—25.0 
0.016— 0.038 
0.080— 0.300 
0.007— 0.050 


0.00— 0.18 
0.0I— 0.06 
0.0I— 0.09 
0.50— 2.47 
0.76— 1.42 
I.00— 2.10 
0.67— 1.30 
0.65— 1.35 
0.48— 4.80 
0.00— 6.13 
0.60— 2.30 
0.32— 1.70 
1.37— 2.84 
I.20—-11.40 
0.84— 1.63 
0.72— 1.60 
0.35— 0.80 
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C. Discussion 


The results obtained in the analyses are grouped separately for plasma and red 
cells and are listed in Tables VII and VIII. From these results, values for whole blood 
were calculated based on 55 and 45 volume percents for plasma and cells, respectively. 


TABLE VIII 
MAGNESIUM, CHROMIUM, NICKEL, COPPER AND ZINC IN HUMAN RED CELLS 





Average 
concen- 
tration 


p.p.m. 


Spread 


Number of 
deter- 
minations 


Investigator 





Magnesium 


Chromium 
Nickel 
Copper 


64.8 
61.2 


0.022 
0.051 


0.94 


0.75 
0.85 


11.4 
14.4 
11.8 
13.0 
14.3 


26.6  —I112.0 


0.01I—0.041 
0.00 — 0.16 


0.28 — 3.5 
0.49 — 1.01 
0.21 — 1.97 


3.80 —16.6 


9.10 —I9.7 
7.65 —15.1 


40 


40 
40 
40 
60 
40 


57 
20 


30 


Spectrochemical 
Colorimetric 


Spectrochemical 
Spectrochemical 


Spectrochemical 
Colorimetric 
Colorimetric 


Spectrochemical 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 


PAIXAO AND YOE 
ALBRITTON? 


PAIXAO AND YOE 
PAIXAO AND YOE 


PAIXAO AND YOE 
ALBRITTON? 
Koc et al. 


PAIXAO AND YOE 
ALBRITTON? 
Kocu et al. 
WotFF !! 

VALLEE !” 





These results are given Table IX. The accuracy and precision of the method are good. 


The time required to prepare and analyze a sample has been reduced to less than half 
the time required for the plasma analysis procedure recently reported by this labora- 
tory'. About 17 h are required for the red cells. 


TABLE IX 


MAGNESIUM, CHROMIUM, NICKEL, COPPER AND ZINC IN HUMAN WHOLE BLOOD 





Element 


Average 
concen- 
tration 


p.p.m. 


Spread 


Number of 
deter- 
minations 


Method 


Investigator 





Magnesium 


Chromium 
Nickel 
Copper 


Zinc 


40.04 

41.4 
0.023% 
0.0364 


0.974 
0.94 
1.06 


6.64% 
8.80 
6.30 
7.00 
8.80 
8.10 
6.60 


0.73-— 1.15 
0.50— 1.88 


4.90—12.7 
4-50- 9.35 
5.60— 9.01 
5.20-14.8 
6.g0— 9.80 
5.60— 7.50 


54 
30 
30 
18 
24 


Colorimetric 


Colorimetric 
Colorimetric 


Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 
Colorimetric 


PAIXAO AND YOE 
ALBRITTON ? 


PAIXAO AND YOE 
PAIXAO AND YOE 


PAIXAO AND YOE 
ALBRITTON ? 
Kocu et al.' 


PAIXAO AND YOE 
ALBRITTON ? 
Koch et al. 
WotrFF !! 

VALLEE !” 
VIKBLADH #8 
BERFENSTAM !4 





4 Calculated from the values for plasma and red cells (Tables VII and VIII). 
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SUMMARY 


Procedures are given for the collection and digestion of human plasma and red 
cells for the spectrochemical determination of Mg, Cr. Ni, Cu and Zn. Values found 
for the five metals are compared with those reported in the literature. The accuracy 
and precision of the method are good. The time required to prepare and analyze a 
sample has been reduced to less than half (14 h) required for the plasma analysis 
procedure recently reported by this laboratory. The red cells require about 17 h. 


REFERENCES 


MONACELLI, H. TANAKA AND J. H. YOE, Clin. Chim. Acta, 1 (1956) 577. 

E. THIERS AND J. H. Yor, Soc. Appl. Spectroscopy Bull., 5 (1951) 8. 

E. THIERS, J. F. WILLIAMS AND J. H. YOE, Anal. Chem., 27 (1955) 1725. 

BAMBERGS, Latvijas PSR Zinatnu Akad. Vestis, No. 7 (Whole No. 84) (1954) 27 (in Russian) ; 
A., 49 (1954) 55578- 

5 J. H. YoE anv H. J. Kocu, Jr., Editors, Tvace Analysis, Papers presented at a Symposium on 
Trace Analysis held at the New York Academy of Medicine, New York, N. Y., November 2, 3, 
4, 1955, John Wiley and Sons, Inc., New York, 1958, Chapter 24, p. 639, by R. E. THIERs. 

6D. O. MILLER, A Spectrophotometric Method for Determination of Chromium in Human Plasma 
and Red Cells, Master’s Thesis, Univerity of Virginia, 1958. 

7 E. C. ALBRITTON, Editor, Standard Values in Blood, W. B. Saunders Co., Philadelphia, 1952. 

8M. ORANGE, J. Biol. Chem., 189 (1951) 379. 

® N. F. Suimp, J. CONNER, A. L. Prince, F. E. Bear, H. J. Kock, Jr., AND E. R. Smitu, Methods 
and Results of Spectrographic Analysis of Human Blood and Tissues, Conference on Analytical 
Chemistry and Applied Spectroscopy, Pittsburg, March 4, 1955, Paper 170. 

10 H. J. Kocu, Jr., E. R. Smitu, N. F. SHimp anv J. CONNER, Cancer, 9 (1956) 499. 
11H. WotrFr, Deut. Arch. klin. Med., 197 (1950) 263. 

12, B. L. VALLEE AND J. G. Givson, J. Biol. Chem., 176 (1948) 445. 

13 T. VIKBLADH, Scand. J. Clin. and Lab. Invest., 2 (1950) 143. 

14. BERFENSTRAM, Upsala Lékareforen. Forh., 54 (1949) 349. 


* me 
2 R. 
ae 
4K. 

C. 


Received August Ist, 1958 





VOL. 4 (1959) : CLINICA CHIMICA ACTA 


NEW METHOD FOR QUANTITATIVE DETERMINATION 
OF SERUM PROTEINS SEPARATED BY PAPER ELECTROPHORESIS 


WANDA MEJBAUM-KATZENELLENBOGEN ano WANDA M. DOBRYSZYCKA 
Department of Biochemistry, Wroclaw University School of Medicine (Poland) 


INTRODUCTION 


It was shown earlier! that the protein determination in the eluates from undyed 
electrophoretic paper strips can be carried out by the tannin micromethod? * with 
satisfactory accuracy. Our previous procedure was laborious, since approximately 
25 eluates from 0.5-cm strip cuts had to be made in order to determine the protein 
contents of the individual serum fractions. It has been shown in preliminary analysis, 
that the use of paper strips stained according to DURRUM’s technique‘ cannot be 
regarded as reliable for quantitative protein determination. 

A much more satisfactory method is described here and includes the new tech- 
nique of dyeing the paper strips, suitable for the elution of protein, with 0.1 N NaOH, 
followed by determination using the tannin micromethod?. In this new procedure, the 
recovery of protein from paper strips stained with the solution of bromophenol blue 
in tannin reagent was found to be about 100%. Thus, the number of protein estima- 
tions may be limited to the amount of apparent components and the protein concen- 
tration may be determined even in fractions with low protein content (20 yg). 


METHODS 


Details of the electrophoresis technique 


Veronal—acetate buffer pH = 9.0, of ionic strength 0.06 was used, prepared by 
diluting 7.36 g of veronal sodium and 3.86 g of sodium acetate trihydrate to 1100 ml 
with distilled water. A potential of about 220 V and a current of about 2 mA per 
paper strip were applied for 7h. Whatman No. I paper was used. Usually 0.02 ml of 
serum were placed directly on the paper. The horizontal apparatus with carbon elec- 
trodes was used. 


Protein determination by the turbidimetric tannin micromethod 


The conditions for the assay procedure used in the tannin micromethod were as 
follows: 


1. Reagents: (a) Tannin reagent: 2 ml of phenol are dissolved in 98 ml of N HCl 
at 80°. Then 10 g of tannic acid (Mallinckrodt p.a.) are added and the mixture kept 
warm until dissolved. If turbid, the solution, should be filtered before use. (b) 0.1 g of 
gum arabic are dissolved in 100 ml of warm water. If turbid, the solution should be 
filtered before use. (c) Standard protein solution (containing 100 yg of protein per ml) ; 
10 mg of gelatin (or other suitable protein), dried in a desiccator are dissolved in 0.9% 
NaCl and the volume made up to I00 ml. 
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2. Test: 1 ml of protein solution is pipetted into a test tube and allowed to stand 
in a water bath at 30° + 1° for 5 min. Without removing the tube from the bath, 1 ml 
of tannin reagent is added (prewarmed to 30°) and mixed. The tube is left in the bath 
for exactly 10 min. At the end of this time, 2 ml of 0.1% gum arabic is added in order 
to stabilize the turbidity. The test tube is then cooled to room temperature imme- 
diately. The readings of optical density with red filter ROR 2 (Chance) in Hilger’s ab- 
sorptiometer should be made against a blank, containing all the components of the 
reaction mixture except protein. The turbidity is stable for a day at room tempera- 
ture. At protein concentrations of 10-100 ug per 4 ml of reaction mixture, the optical 
density is directly proportional to the amount of protein present at standard condi- 
tions. One must avoid working at high protein concentrations (higher than 100 yg) 
because the optical density will not increase as rapidly as the protein concentration 
and sometimes it will even decrease. Fig. 1 shows the standard curve for protein 
quantitative determination by the tannin micromethod (serum, lysozyme, gelatin). 
Standard error of the method + 3%. 


0.6 


IK 
> 0.4 
"03 
Wy 
0.2 
0.1 


0.0 n ! L ! n | 
20 40 60 80 100 120 140 


Mg of protein 








Fig. 1. Standard curve for the quantitative determination by the tannin micromethod?:? of 
lysozyme, gelatin and serum proteins. The readings of optical density taken with the red filter 
ROR 2 (Chance) in HILGER’s absorptiometer. 


For staining the paper strips according to DURRUM’s technique, 0.1% ethanolic 
solution of bromophenol blue, saturated with HgCl,, was used. 


RESULTS 


1. Determination of protein by the tannin micromethod in the eluates from paper strips 
stained according to Durrum’s technique * 


The quantitative evaluation of protein by the tannin micromethod in the alkaline 
eluates from paper strips stained according to DuRRUwM, yields only 36-60% recovery 
from serum proteins placed on the paper. In looking for the causes of that loss, the 
effect of bromophenol blue and mercuric chloride concentrations on the protein 
determination has been investigated. The investigation of a possible effect of ethanol 
has been omitted, because during the washing of the paper strip, ethanol is removed. 


a. Effect of the bromophenol blue concentration. It was important to examine the 
effect of varying bromophenol blue amounts dissolved in tannin reagent on extinction 
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values measured in Hilger’s absorptiometer with different filters. The experiment was 
carried out without protein and also with constant protein concentration. In the 
acidic pH region as in the tannin reagent, bromophenol blue is yellow. As indicated in 
Fig. 2, this colour and the colour of tannin reagent as well may be completely elimin- 
ated by the use of a red filter (curve 1 in Fig. 2). Varying amounts of bromophenol 
blue, in the range of 0-1 mg/ml added to 50 yg of protein, do not influence the extinc- 
tion values when using the red filter (curve 4 in Fig. 2). 


cua Y a 





100 




















o- ¢ ® 
80 
WA 2—:——+ ——¢ = 
2——¢ —_— — 1 ——"? 
200. 400 600 800 £ 60 
Bromophenol blue (ug/l) © 40 
Fig. 2. Effect of varying amounts of bro- ~ 
a BR 20 
mophenol blue on extinction values, ob- 
tained in H1LGER’s absorptiometer using 0 l N L fs 
different filters. 1. —-e—e—e red filter we ™ 0.02 on | 0.04 
ROR 2; 2. —x—x—x< blue filter ROB site Diabet sith cas et 
2; 3. —o—o—o green filter ROG 1; 4. Fig. 3. Influence of mercuric chloride con- 
—[]J—[J—( red filter (50 wg of protein centration on the determination of 100 ug 
per ml of sample). Conditions as described of protein by the tannin micromethod 2: 3, 
in Results. Conditions as described in Results. 


The results obtained show that bromophenol blue even in concentrations higher 
than may be expected in the eluates from stained paper strips does not affect the 
accuracy and sensitivity of the tannin micromethod. 


b. Effect of the mercuric chloride concentration. The use of bromophenol blue can- 
not be regarded as the cause of lower values in protein determination by the tannin 
method. As a result, the effect of the mercuric chloride concentration on the tannic 
acid—protein reaction and on the alkaline elution of the protein from stained paper 
strips had to be investigated. 

The effect of the mercuric chloride concentration on the turbidity caused by the 
tannin reagent with 100 wg of protein per ml, has been examined. From the results 
shown in Fig. 3 it seems clear that mercuric chloride, even in concentration of 2.7 mg 
per ml of the sample, can have little, if any, effect on the quantitative protein deter- 
mination by the tannin method. However, higher concentrations of HgCl, in the reac- 
tion mixture cause a gradual decrease of the turbidity. As much as 10 mg of HgCl, per 
ml of the sample completely inhibits the reaction between protein and tannic acid. 
Such high concentrations are not obtainable in the eluates from paper strips stained 


according to DURRUM. 
The results of the study of a possible effect of HgCl, on the alkaline elution of 


protein, are summarized in Table I. 
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The protein concentration has been determined after electrophoresis by the tan- 
nin micromethod in the alkaline eluates, from one undyed paper strip and from others, 
stained with a 0.1% ethanolic solution containing variable amounts of mercuric 
chloride. The highest amounts of eluted protein were obtained from paper strips dipped 
in the solution half-saturated with HgCl,, but the values obtained were lower than 
those from the undyed strip. In the solution saturated with HgCl, and in that witha 
mercuric chloride concentration reduced 10-fold, all the fractions show loss in protein 


content. 


TABLE I 


THE COMPARISON BETWEEN THE SERUM FRACTIONS CONCENTRATIONS IN ALKALINE ELUATES FROM 
THE PAPER STRIP UNDYED AND THOSE DYED WITH ETHANOLIC BROMOPHENOL BLUE, CONTAINING 
VARYING AMOUNTS OF MERCURIC CHLORIDE 





Protein (g per 100 ml) 
Fractions (1) (2)@ (3) (4) 
undyed saturated half-saturated 0.1 saturated 
control HgCl, HgCl, HgCl, 





Globulin-y 1.25 0.90 1.10 0.95 
-B 0.60 0.23 0.26 0.20 


-Ag 0.33 0.23 0.23 0.26 

Oy 0.41 0.16 0.31 0.30 
Albumin 2.41 1.60 1.80 1.50 
Recovery 5.00 (100) 3.12 (62.4) 3.70 (74) 3.21 (64.2) 





a Stained according to DuRRUm’s technique‘. 

Details of electrophoresis as described in Methods. 

Protein concentration has been determined by the tannin micromethod?. 
b Values in parentheses are in terms of percentage of control. 


The experiments described above led to the conclusion that HgCl, used for fixing 
the protein on paper makes the quantitative protein determination by the tannin 
micromethod impossible. It is likely that the HgCl, concentration necessary to fix the 
protein on paper decreases the solubility of the protein in alkaline solvents. On the 
other hand, the decrease of the mercuric chloride concentration in the solution causes 
subsequent loss in protein content because the proteins are partly washed out. 

Further experiments for obtaining the complete elution of protein from paper 
strips stained with the usual laboratory techniques were not continued. In view of the 
experiments described above, it seemed possible to replace mercuric chloride and to 
fix the protein on paper by the use of tannic acid. 


2. Application of the tannin reagent for fixing protein in paper electrophoresis 


The fact that the protein-tannic acid complexes (subsequently called PT) are 
quite insoluble in 1 N HCl, suggests the effectiveness of the tannin reagent in fixing 
the protein on paper. The conditions for quantitative elution of protein from PT- 
precipitates on paper have been investigated. 

Firstly, the effect of pH on the solubility of PT has been examined. The experi- 
ment was carried out as follows: 1 ml of serum diluted 1o00-fold with 0.9% NaCl 
(equivalent to 80 wg of protein) was added to each of the 10 centrituge test tubes and 
then 1 ml of tannic acid solution ( equivalent to 80 wg of tannic acid) was added. After 
15 min, the resulting suspension was centrifuged at 2000 rev/min for Io min. The 
supernatants were collected for protein analysis and the internal walls of the test tube 
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dried carefully with filter paper. The supernatants were found to be free from protein. 
To the PT-precipitates 1 ml of solutions of varying pH was added. To the first three 
test tubes ,1 ml of 1 N HCl (pH about 0), 0.1 N HCl (pH about 1), 0.01 N HCl (pu about 
2) was added respectively; to the next six test tubes 1 ml of 0.05 M McILVAINE’s 
buffer (pH 3-8) was added and to the last, 1 ml of 0.1 N NaOH (pu about 13). The 
content of the test tubes was thoroughly stirred, allowed to stand for 15 min and the 
precipitate spun off. The supernatants were transferred to other test tubes and the 
precipitates, if present, dissolved in 1 ml of 0.1 N NaOH. In both series, the protein 
concentration was estimated by the tannin micromethod. The sum of the protein 
concentrations in supernatant and precipitate was the same as in the control-sample 
(i ml of serum, diluted 1000-fold). 


80 


N 
oO 


Protein (ug) 


Fig. 4. Influence of pH on the 

solubility of protein tannic acid 

OLae Re Gat RE era Ce complexes, containing 70 yg of 

23 45 67 8 9 10 11 12 13 14. protein. Conditions as described 
pH in Results. 


- NO W PY O 
Oo OO OO 90 O O 








Fig. 4 shows the effect of pH on the solubility of the isolated PT—complexes. The 
solubility curve of PT shows two minimums, one at a pH of about o and the other at a 
pH between 4 and 7. The serum proteins precipitated by adequate amounts of tannic 
acid are not soluble in 1 N HCl and at pH values between 4 and 7. Above pH 7 and 
below pH 4 their solubilities gradually increase. In the basic region of pH, PT—com- 
plexes dissociate and the released protein may be determined by the tannin method. 

It has been proved on the protein standards that the serum proteins in yg 
amounts, precipitated by the tannin reagent, centrifuged, washed with water, dis- 
solved in 0.1 N NaOH or 0.1 M borate and subsequently estimated by the tannin 
micromethod yield the same results as the control samples (direct estimation). 

The physico-chemical properties of PT-complexes are the subject of another 
paper®. In the present one, only a series of experiments for developing the described 
method is presented. 

The following experiments were made in order to examine the possibility of 
applying tannic acid to fixing quantitatively the protein on paper before the elution 
of the protein with 0.1 N NaOH. 0.02 ml of serum was placed on Whatman No. 1 
paper (paper’s surface = 32 cm?) and soaked by barbiturate buffer, usually used for 
electrophoresis. After drying in the air oven at go° for 10 min, all samples were 
eluted with 20 ml of 0.1 N NaOH each (1000-fold dilution of serum). For the control 
of protein recovery in a separate sample, 0.02 ml of serum were diluted by 20 ml of 
0.9% NaCl. Before elution of the protein from paper, individual strips were treated 
differently: the protein amount equal to that of the control sample was recovered 
after elution from an undyed strip (Expt. No. 1); in addition complete protein re- 
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covery was achieved from the paper strips previously dipped in tannin reagents con- 
taining and lacking bromophenol blue respectively (Expts. No. 2, 3). Bromophenol blue 
satisfactorily dyes protein spots, but does not effect the fixation of protein on paper 
by tannic acid. Afterwards, the effect of staining with DURRUM’s technique on the 
estimation of protein, fixed previously by tannin reagent, was examined. It was shown 
that in this case, as in the procedure without fixing by tannic acid, the elution yields 
amounts varying from 50 to 60% of the total protein (Expts. No. 4, 5). But the 
reverse procedure, (that of dyeing according to DURRUM and dipping the paper in 
tannin reagent), the elution yields of protein were practically complete, equal to the 
control sample (Expt. No. 6). This led to the conclusion that in the acidic region of 
pH, the Hg-salt was removed from the paper strips and simultaneously the released 
protein was quantitatively precipitated by tannic acid. 

The procedure of washing off the excess of tannic acid and bromophenol blue has 
no significant effect on the yield of recovered protein. The same results were obtained 
by washing the paper with tap water, distilled water, or 0.5% acetic acid for 5-30 min. 
(At pH 4-7, the PT-precipitates are not soluble.) 

On the basis of these experiments, the following composition of the reagent (sub- 
sequently called ‘“‘Kado’’) suitable for fixing and dyeing the protein on paper simul- 
taneously could be established: 50 mg of bromophenol blue are dissolved in 3-4 ml 
of ethanol and are further diluted to 100 ml with tannin reagent. 





wy. 6 Go ga ih 2 








B De Be he Os Ab. 


Fig. 5. The paper electrophoretic patterns of serum protein, stained (a) with Kado reagent (K); 
(6) with bromophenol blue according to DuRRuUm (B)‘. Details of electrophoresis as described 
in Methods. 


3. Application of the Kado reagent to the quantitative estimation of the electrophoretically- 
separated proteins on paper 

Parallel with paper electrophoresis, the total protein concentration in serum may 

be determined in order to check the completeness of protein recovery after the 


electrophoresis. 
After removal of the paper strips from the electrophoresis chamber, they are 
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usually dried in an air oven at 90°. The drying is not obligatory. The moist or dry 
paper strips are dipped in Kado reagent for 5 min. The excess dye and tannic acid are 
removed by washing thoroughly in tap water, or in distilled water, for about 5 min 
to render the protein spots distinctly visible. Subsequently, the paper is dried between 
two sheets of filter paper. The drying of stained paper strips at a temperature higher 
than 40° must be avoided because of the increasing solubility of PT—complexes. 
Serum patterns, obtained with paper electrophoresis and dyed with bromophenol 


blue and Kado reagent are shown in Fig. 5. 


TABLE II 


EXAMPLE OF THE SERUM FRACTIONS QUANTITATIVE DETERMINATION BY THE TANNIN MICROMETHOD, 
AFTER FIXING AND DYEING THE PAPER STRIPS WITH KADO REAGENT AND ELUTING WITH 0.1 N NaOH 





ml of 0.1 N Protein 








Fractions NaOH used in pg/ml Factor Pip ncn I 
for elution of eluate § 
Albumin 10 80 5.10% 4.00 
Globulin-a, 2 25 1.10% 0.25 
-Ag 4 31 2.108 0.62 
- 4 35 2.10% 0.70 
-y 6 49 3.103 1.47 
Recovery 7.04 





For the electrophoresis 0.02 ml of serum were placed directly on paper; details of electro- 


phoresis as described in Methods. 
Total protein concentration in above example = 7.0% (without electrophoresis). 


TABLE III 


THE COMPARISON OF THE CONCENTRATIONS OF ONE SERUM FRACTION IN SIX ALTERNATE PAPER 
STRIPS, UNDYED AND DYED WITH KADO REAGENT 





Protein in g/roo ml 








Fractions ; Strip 
Strips dyed with Kado reagent undyed* 

Albumin 4.55 4-75 4-74 4-74 4-72 4-70P 4.77 
+ 0.08 

Globulin-a, 0.31 0.28 0.27 0.29 0.29 0.29 0.30 
+ 0.01 

Ag 0.76 0.81 0.85 0.77 0.81 0.80 0.80 
+ 0.04 

-B 1.02 0.92 0.93 0.93 0.93 0.94 0.95 
+ 0.05 

-y 1.65 1.65 1.72 1.78 1.77 1.71 1.65 
+ 0.06 

Recovery 8.29 8.41 8.51 8.51 8.52 8.45 8.47 
+ 0.09 

(97-3) (98.7) (99.7) (99-7) (100) (99.0) (99.4) 





Details of electrophoresis as described in Methods. 
Protein determination has been carried out by the tannin micromethod?. 


Total protein concentration = 8.52% (without electrophoresis). 
@ Protein concentration determination of separated fractions has been carried out according 


to the procedure of MEJBAUM-KATZENELLENBOGEN, DOBRYSZYCKA AND KROLICZEK}. 


Db Mean values + 2. 
Values in parentheses are in terms of percentage of control. 
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Table II shows an example of protein content determination of the normal serum 
fractions. After staining with the Kado reagent, the paper strip is cut (while either 
wet or dry) into segments corresponding to separated fractions, and the protein con- 
tent of each is eluted into the test tubes containing necessary amounts of 0.1 N NaOH. 
The optimal protein concentrations covering the proportionality range should be 
chosen for the determination by the tannin micromethod. Each fraction has to be 
eluted with suitable quantities of 0.1 N NaOH as shown in Table II. From these solu- 
tions, 1 ml for protein estimation is pipetted off. The time of elution has been estab- 
lished at 20 min. 

The protein fixed and dyed with the Kado reagent is eluted from paper with 
0.1 N NaOH more quickly than were it fixed by heating though undyed. 

Table III summarizes the results of the serum fractions estimation. The six ex- 
periments were carried out on the same serum. The comparison was made between the 
paper strips fixed and stained with the Kado reagent and the undyed paper strip!. The 
composition of serum fractions is identical in both series of experiments. 

The use of the Kado reagent for fixing and staining paper strips leads to the con- 
clusion that it is a perfectly acceptable and useful technique and not very laborious. 
Rather surprisingly, it allows a good reproducibility of results and is practical in 
routine clinical measurements. 
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SUMMARY 


1) It has been shown, in the present paper, that the presence of mercuric chloride 
in paper strips dyed according to DURRUm’s technique‘ makes the quantitative elu- 
tion of protein impossible. 

2) Bromophenol blue was found not to effect the sensitivity and accuracy of the 
tannin micromethod? 3, 

3) A new technique of fixing protein on paper by tannic acid and simultaneous 
staining with bromophenol blue (Kado reagent) has been described. 

4) The recovery of protein fixed and stained by Kado reagent and eluted with 
0.1 N NaOH was found to be complete. 

5) A simple and practical method for quantitative estimation of the electropho- 
retically separated proteins has been described. 
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A STUDY OF PAPER PROTEIN ELECTROPHORESIS WITH 
SPECIAL REFERENCE TO A NEW METHOD OF 
SUBFRACTIONATION 


W. B. YEOMAN 
Frenchay Hospital, Bristol (Great Britain) 


Although there is now a vast literature concerning the technique of paper protein 
electrophoresis, there does not yet exist a fully accredited method affording complete 
quantitation of the various components which occur in serum. 

This is due to the fact that each modification or change in technique has presen- 
ted new criteria for assessment, and it is not easy to test any given technique since the 
components of normal serum are not yet obtainable in sufficiently pure state for truly 
quantitative studies. 

The object of the present paper is to draw attention to the way in which small 
changes in technique may vary the end results, and from this approach to indicate a 
method by which eleven, instead of the normal six, fractions may be obtained. 


MATERIAL AND METHODS 


Apparatus 


Electrophoresis was performed in horizontal chambers, the product of Messrs 
Evans Electroselenium Ltd. of London (‘EEl’). The covering lids of these chambers 
were lined with synthetic sponge, 4 mm thick, to maintain maximum humidity within 
the cells, and to reduce the air space above the paper strips. Two current sources 
were used, the EE] Power Pack, and the Shandon (London) 1000 V pack. The scanner 
used in these studies was the reflectance photodensitometer of Messrs Joyce Loebl 
(Newcastle-upon-Tyne, Great Britain), and was equipped with a selective slit-adjust- 
ing mechanism. The aperture of the slit generally used was 3 mm square. The in- 
strument is semi-automatic, and permits controlled travel of the stained preparations 
at 2-mm or I-mm intervals. 


Buffer 


The DurRuUM! buffer with added calcium lactate: 10.84 g sodium barbitone, 1.84 
g diethylbarbituric acid, 384 mg calcium lactate in 1 1 of distilled water. 


Elution of stained preparations (Azocarmine B) 


After localisation of the bands by scanning, these were eluted using a 50:50 
solution of aqueous NV /10 sodium hydroxide and methanol (A.R.). 3 ml of this solution 
were used for each band, or where complete elution of dye from a stained strip was 
made for comparison with total protein, 10 ml of eluant was used. The eluted dye was 
read at a wavelength of 525 mu in a Unical SP 600 spectrophotometer. Details of the 
paper used, the method of staining, and the manner of scanning are given in the text. 
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The relationship between type of buffer, voltage applied, and time of separation 


DuRRUM}, in 1950, suggested the use of a barbitone buffer. In 1954, MARTIN AND 
FRANGLEN? advocated the use of a borate buffer. In an extensive survey, MACKAY 
et al. investigated barbitone buffers to which citrate and acetate had been added, as 
well as buffers containing phosphate, phosphate-citrate and phosphate-citrate— 
borate mixtures. Of all these buffers experience hasshown that only the original bar- 
bitone buffer allowed separation of the a,-globulin from the albumin in a satisfactory 
manner. It was also noted by several workers that increase in ionic strength of buffer 
resulted in a more rapid migration of proteins over paper surfaces. In this respect, 
and in order to speed the procees of electrophoresis, higher voltages than the original 
modest 110 V of the earlier workers were used. Thus WURM AND StrRAUuS! obtained 
effective separations within gh using a voltage of 470 V. Using paper (YEOMAN 5) 
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Fig. 1. To illustrate overall migration of proteins (in cm) measured from fringe of y-globulin to 
albumin front. The buffer used is the barbitone—barbituric acid buffer of DURRUM, serially diluted 
to the ionic strengths shown. Sequence A at 400 V (2$h); B at 250 V (14 h); C at 150 V (16h). 


and cellulose acetate membrane (KOHN £) separations may be made in as little as 24h 
at voltages in the region of 400 and 250 V respectively. 

Fig. 1. illustrates the degree of migration of proteins if the strength of the usual 
barbitone buffer is serially diluted, and if processing is carried through at three of the 
more generally used voltages. 

Disadvantages may, however, arise from varying both buffer strength and ap- 
plied voltage. In the first instance although increased voltage may present more el- 
egant separations, the bands are quite narrow, and may be only I or 2 mm broad. 
This will of necessity require a scanning instrument of extremely high discrimination 
if these bands are to be surveyed accurately. In order to do this the instrument would 
have to be equipped with a controllable slit-width of only a few microns, and to have 
a very high degree of optical resolution. It is doubtful if any presently offered commer- 
cial instrument can satisfy these criteria. Thus for adequate scanning the stained 
preparations must be of sufficient length to enable accurate optical survey. 

The easiest way of obtaining such separations is to decrease the ionic strength of 
the buffer, to decrease the applied potential, and to allow longer time of separation. If 
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this is carried too far, however, the final bands may become too hazy for identification 
of the individual troughs which lie between successive fractional bands. 

The best ionic strength appears to be at 0.05, and the most efficient buffer re- 
mains the original, dilute, buffer of DURRUM. 

Numerous observers have investigated the effect of the addition of a variety of 
substances to obtain sharpening of bands or to afford some degree of subfractionation. 
Thus, the use of a non-ionic detergent—Lubrol W—was shown to produce double 
6-globulin banding (LLOYD AND STEWART’), although the author finds, in common 
with the experience of KAWERAU 8 and others, that double f# banding is the rule, rather 
than the exception, using many buffers, and providing that the serum is fresh. 
LAURELL ¢éf al.® suggested the addition to the buffer of salts of calcium, barium and 
magnesium. They preferred the addition of calcium lactate to a barbitone buffer, but 
advocated using two strengths of buffer, one for soaking the paper, and a weaker 
buffer for use in the electrophoretic cell. 

In the present work a compromise has been made between the buffer of DURRUM 
and that of LAURELL e¢ al. Calcium lactate is added to the barbitone buffer of ionic 
strength 0.05 in the concentration of 384 mg per 1 1 of buffer. The same buffer is used 
both for the filter paper and the cell. Increase of calcium salt was found to cause 
retardation in migration of certain of the proteins. 

The voltage used in the present experiments was 175 V constant voltage, separa- 
tion is allowed to proceed for 16 h (overnight). It has been found that although equili- 
brium conditions are reached more slowly at constant voltage than at constant cur- 
rent density, the results are more satisfactory. This accords with the findings of 
PEETERS ef al.!. Each specimen is treated individually in separate cells, and in this 
way total migrations of proteins of the order of 16 or 17 cm are obtained. If more than 
two strips are used in any one cell, the overall separations are shortened. Under the 
conditions specified the narrowest band representing a single protein fraction is not 
usually less than 0.7 cm in width. 


Selection of paper 


A thin homogeneous paper is preferred since the use of thicker papers may invite 
difficulties in staining procedure. The paper used in these studies was Whatman 
chromatography No. 1; it is an advantage to use the smoother side of the paper. The 
strips, after soaking for a few moments in a beaker containing the buffer, are blotted 
to remove excess of buffer. They are then placed onto their supports, or under tension 
between rollers, and allowed to equilibrate in the cell for 30 min with the current switch- 
ed on, before seeding the serum. 

Serum is used in preference to plasma; the overlaying of a fibrinogen band in 
the y-globulin region prevents the satisfactory evaluation of either component in the 
presence of the other. 


Selection of dye, and scanning problems 


Dye binding capacity, even in normals, presents a problem which is not easily 
solved, and therefore the selection of a dyestuff is difficult. Before considering the 
advantages or disadvantages of different dyes it is necessary to investigate the re- 
lationships which may exist between total protein and total dye eluted from stained 
strips. 
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Fig. 2. illustrates the plot of eluted dye compared with total protein in a series 
of 42 specimens. Such a scatter diagram might be expected since each protein com- 
ponent has its own characteristic dye binding capacity, and each fraction shows a 
fixed (but overall variable) amount within the specimens selected. 
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Fig. 2. Scatter diagram obtained by plotting eluted dye against total protein. Buffer: barbitone- 
lactate; dye: azocarmine B, eluted into alkaline methanol and read in the Unicam spectro- 
photometer at 525 my.; voltage for electrophoretic separation 175 V for 16h. 


If a pure specimen of albumin is prepared by continuous electrophoresis, and 
checked for homogeneity by the routine method of horizontal electrophoresis, serial 
dilution of the specimen should yield a dye-binding relationship. It is not sufficient, 
however, to do this by ‘spotting’ papers with serial dilutions. For proteins to migrate 
over the surface of papers in the standard method of electrophoresis, it is almost cer- 
tain that some loose binding of the protein with the selected buffer occurs. Thus the 
serial dilutions must, for strictly comparable experimental conditions, all be subjected 
to the routine procedure before elution of the bound dye is attempted. 

If this is done, the graphical results will show two departures from linearity. One 
will be near the origin, and illustrates both for albumin and the various globulins 
that they may not stain sufficiently when in very low concentration. Secondly, a point 
will be reached in the upper limits of concentration where a ‘breakdown’ point will be 
established, linearity of the eluted dye with advancing protein concentration no longer 
occurring. This may, or may not, be a characteristic of the isolated protein. It is thus 
necessary to examine the behaviour of the scanner using dye alone, and to investigate 
that point at which optical resolution of the instrument fails, for, beyond this point 
any protein—dye relationship must also fail. 

Having considered these criteria, it was concluded that optimal seeding of serum 
sample lies between 0.008 and 0.010 ml. 

Such an approach will avoid the necessity of employing ‘correction factors’ or 
‘correction curves’. 

The dye-binding capacities of albumin, one y-, one f- and two a-globulins by the 
present technique are represented in Fig. 3. Each of these fractions is probably slightly 
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impure, but these are the best obtained in the present series of experiments. Clearly 
they may only be assessed in the presence of one another within the boundary limits 
of the hatched lines ‘a’ and ‘b’. This area is covered by treating the amount of serum 
suggested above. It is noteworthy that their dye-binding capacities are not unity, for 
if this was so, the angle of each line to the abscissa would be 45°. 
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Fig. 3. Toillustrate limitations of scanning Fig. 4. To illustrate derived dye-binding 
for a mixture of five proteins. These were capacity relationships arising from a mix- 
isolated by continuous electrophoresis ture of four y-globulins. Line OX describes 
using the barbitone—lactate buffer descri- a constant mixture, curve OY a varying 
bed in the text. The five fractions are: mixture. 
I. albumin; II. £,-globulin; III. y,-globu- 

lin; IV. aj-globulin; V. a\-globulin. 


Similarly in Fig. 4., the four lines OA, OB, OC, and OD, represent the approxi- 
mate dye-binding capacity relationships for the four y-globulins. If the mixture of 
proteins is overweighted by the presence of excess of one component D, then the 
apparent dye-binding capacity curve for the mixture assessed as one component—as 
in five fraction analysis—will be represented by the curve OY. If, however, the com- 
ponents of the mixture are constant in relation to one another, as for example in serial 
dilution of ‘whole y-globulin’, the dye—protein relationship will be represented by the 
line OX. It is interesting to note that the average dye-binding capacity of the four 
y-globulins illustrated, approximates to unity. 

In the matter of choice of dye, the dye-binding capacity curves will suggest which 
dye may most fruitfully be used for the best approximation to absolute quantitative 
results. 

Azocarmine B was selected for the present study, its advantages over other dyes 
is the subject of another communication. The preparation of the dye solution, and 
the method of staining is as follows: 

Dye solution: 0.25 g of azocarmine B (Geo. T. Gurr, London) is dissolved by shak- 
ing with 200 ml of solvent. 

Dye solvent: 162 ml of methanol (A. R. quality), 18 ml of distilled water and 20 ml 
of glacial acetic acid (A.R.) are mixed together. 
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This dye solution is near-saturated at room temperature, and is filtered each time 
before use. 


Method of staining 


The separated strips—the dimensions of which will depend on the type of cell 
used—are heat fixed in the horizontal position in an oven at 100° for 10 min. The 
strips are then rolled, placed into beakers containing the dye solution, and dyed for 1o 
min exactly. This is followed by two differentiating washes of exactly 5 min each in 
the dye solvent. The strips are now passed through two baths of 10% aqueous acetic 
acid, 5 min in each bath. Finally they are washed, with agitation, in distilled water 
containing a trace of acetic acid, for 2 min (2 drops of glacial acetic acid in 200 ml of 
distilled water). The object of the last wash is to prevent diffusing of the dye from 
the protein bands; this will occur if traces of methanol are present on the surface 
of the paper from the previous treatment, or if the distilled water is slightly alkaline. 
The stained preparations are allowed to dry on large filter papers, at room temperature. 

Using this method of staining reproducible results have been obtained in replicate 
scans. 

Before proceeding to the final assessment of the protein—dye curve it is necessary 
to make allowance for one more factor, that of ‘albumin trailing’ beneath the globu- 
lins. This has been the subject of a previous communication, in which a method was 
suggested for making such allowance (YEOMAN 15). 


Method of scanning 


In this work a reflectance scanner has been used. The strips are scanned at 2-mm 
intervals, or, better, at I-mm intervals. The scan-curve is therefore delineated by 
either 80 or 160 points over the total length of the stained strip. 

Although studies have been made using complementary filters of selective ma- 
ximal point at 520 my, no advantage was obtained using filters instead of white light 
(tungsten lamp source). The reflectance scanners are probably not true reflectance in- 
struments; their behaviour would suggest they operate as mixed reflectance—trans- 
mission scanners. This appears to be an advantage rather than a disadvantage. 

The areas under the curve aresubdivided by dropping perpendiculars from the 
intermediate troughs, after allowance for albumin trailing. Computation of the con- 
tained areas may be either by planimetry, or by reduction of the curve to successive 
trapezia, and calculation using a digital computor. 


RESULTS 


Under the experimental conditions stated, 11 peaks are obtained in the scan- 
curve. The type of scan is illustrated in Fig. 5. The nomenclature employed has been 
related to the earlier six fraction analysis. 

The migrations of the various protein components have been found to occupy the 


following distances: 


Globulins 


V4 0.2-1.4 CM; V3 I.4-2.6 cm; y, 2.6-3.6 cm; y, 3.6-4.4 cm; f, (further study suggests 
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this may be composed of two fractions) 4.4—5.8 cm; f, 5.8-7.4 cm; a} 7.4-8.4 cm 
(this may also be two fractions) ; aj 8.4-9.4 cm; a3 9.4-10.4 cm; aj I10.4-I1.6 cm. 


Albumin 


0—-0.2 cm (‘albumin peg’ at commencement of trace, equal in height to the depth of the 
computed albumin trail) ; and 11.6 cm to end of scan. The fact that the original ‘peg 
of albumin’ is in fact due to albumin, may be demonstrated by comparing prestained 
(bromophenol blue) and fully stained patterns, after the manner indicated in a pre- 
vious paper (YEOMAN ?!). 
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Fig. 5. Comparison of six- and eleven-fraction scan-curves with suggested nomenclature. Note 
‘albumin peg’ at commencement of scan. S.P. denotes point of application of serum sample. 
All measurements in cm. 
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The total degree of separation may vary from 14.5 to 17 cm overall, depending 
on whether the separation has been performed using one strip only in the electrophor- 
etic cell, or whether a number have been processed at the same time. The above mi- 
gration distances are the minimal spread encountered. It is usually sufficiently easy to 
observe the various peaks, and it is recommended that several normals should be 
‘run’ first to establish the slight difference in migration ratios which may occur under 


TABLE I 
DISTRIBUTION OF PROTEIN COMPONENTS 





S.D. (%) 


° 
os 
— 


Globulins Percentage 





1.24 
1.19 Total y 
2.07 17.23 + 2.78% 
0.48 

0.78 Total B 

1.07 11.23 + 1.85% 
1.12 Total a, 

0.31 6.14 + 1.43% 
0.18 Total a, 

0.41 2.54 + 0.590% 
4.10 


V4 5-95 
V3 6.24 
Ye 3-94 
V1 1.82 
B2 3-64 

1 7-59 
a; 3.28 
ay 2.86 
a} 0.76 
as 1.78 
Albumin 62.86 
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slightly different conditions. The a,-globulins may not always fractionate into two 
distinct peaks if the interval of scan in only 2 mm. In those strips where there is no 
obvious peaking the mobility of the two fractions may be taken as equally shared in 
the single peak assessed by the scanning instrument. 


Normal values 


In a series of twenty normals, performed at least in duplicate, the distribution 
of proteins components as listed in Table I has been obtained. 


Albumin 


Total protein values for this series lay within the limits 6.8-7.6 g per 100 ml of 
serum (assayed by micro-Kjeldahl technique). 

In computing the above values, a dye-binding capacity of unity has been assum- 
ed for each fraction, pending accurate assessment of the individual characteristics of 


each component. 
SUMMARY 


A method is presented whereby eleven fractions are obtained in paper electro- 
phoresis of normal and abnormal sera. The experimental conditions use (1) a barbitone 
buffer containing calcium lactate; (2) Whatman chromatography paper No. I. (3) an 
applied potential of 175 V (constant voltage) for 16h; (4) the dyestuff Azocarmine B, 
used in the methanolic phase; (5) scanning using a reflectance densitometer; (6) al- 
lowance for albumin trailing in computation of the scan-curve. The results obtained 
in a series of twenty normals, and the migration values of the subfractions are listed. 
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A SIMPLE APPARATUS FOR ELECTROPHORESIS 


F. RAPPAPORT anpb M. RABINOVITZ 


Department of Biochemistry, Beilinson Hospital, Petah-Tiqvah, and Department of Hematology 
Hadassah Hospital, Tel-Aviv (Israel) 


In recent years, electrophoresis has become a standard procedure in biochemical, 
serological and hematological laboratories. In a previous publication! we described 
an inexpensive apparatus for electrophoresis. In this paper we describe an improve- 
ment on this apparatus, which can be assembled without any technical skill and at 
almost no cost. 

DESCRIPTION OF THE APPARATUS 


The apparatus consists of a plastic box 20 X I0 cm and 7.5 cm high, or any 
plastic box of approximately the same dimensions; two small plastic boxes, such as 
used for holding soap, serve as buffer baths. Two small round plastic containers, used 
for packing pills, serve as electrode compartments. Other parts are two platinum 
electrodes, a supporting bridge for filter paper (or glass plates with filter paper and 
agar), and a plate of glass as cover. The following figures clearly illustrate the construc- 


tion of the apparatus. 





Fig. 1. The plastic container is Io x 20cm and 
7.5 cm high, with two holes (reinforced with 
4 mm thick small plastic squares glued on 
with chloroform) bored to fit the small rubber 








stoppers of the electrodes. The rim of the Fig. 2. The electrode. The 8 cm platinum 
plastic cover of the container is sawn off and wire is passed through the rubber stopper, 
glued on with chloroform to the top of the and the connection to the copper wire is 
container. The box is inverted on sand paper made outside the apparatus. This connection 
No. oo and the surface of the rim is polished is covered by a small piece of rubber tubing. 
for 1 min. When doing so, there is no need to The rubber stopper is lightly smeared with 
use glue (7) but only lightly smeared silicose mineral grease and inserted into the holes 
grease. on the side of the container. (Fig. 1.) 
REAGENTS 


(1) Buffer solution. 12.50 g of sodium barbital (Medinal) — 8.10 g of sodium 
acetate, crystalline — 1.25 g. of citric acid, crystalline are dissolved in 1000 ml of 
distilled water; the pH is 8.6. 
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Fig. 3 and 4. Electrode compartments. The inner and outer electrode compartments are made of 
small plastic pill containers, with holes on the sides, down to the bottom (5—6 holes are enough). 
These are tightly wrapped in filter paper, which is secured with a small rubber band. 


Fig. 5. The assembled apparatus. The two parts 
of an ordinary plastic soap holder serve as buffer 
baths. Two ordinary microscope slides are put 
under each bath near the walls of the container 
to stabilize it (hidden in photograph). The 
electrode compartments are clearly seen; the 
platinum wire of the electrode is inserted to the 
bottom of the smaller inner plastic container. 
The height of the containers comprising the 
electrode compartments is the same as that 
of the buffer baths. 


Fig. 6. The bridge with strip of filterpaper in 
place. This is made from the plastic cover of 
the container after the removal of the rim. It 
is 8.5 x15 cm and 4.5 cm high. The toy auto- 
mobiles are all of the same height and serve 
as supportes for the filter paper. The four 
plastic sheets which serve as supporters for the 
bridge are glued on with chloroform in such 
a way that they can easily enter the plastic 
buffer baths in the apparatus. 


(2) Fixative solution 30 g of sulfosalicylic acid dissolved in 1000 ml distilled water. 
(3) Dye solution® 1.6 g of Light Green SF dissolved in 1000 ml 3% sulfosali- 


cylic acid. 


(4) Decolorising solution 20 ml of glacial acetic acid diluted with 1000 ml of tap 


water. 


(5) Sodium hydroxide N50 containing 0.2%, human serum. This solution is made 
by 1:5 dilution of N/10 sodium hydroxide and fresh serum. 


(6) Formalin C.P. (40%). 


(7) Glue solution®. Mixture I. 50 g of gum acacia, 25 g of glycerol, and 50 ml of 


distilled water are thoroughly mixed in a mortar. Mixture II. 3 g of sodium lauryl 
sulfate, 30 g of sodium carbonate, and 30 ml of distilled water are thoroughly mixed 
and left overnight. Mixture II is then squeezed through gauze into Mixture I and the 
whole thick mixture is homogenized. Stir thoroughly before use. 
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PROCEDURE 
I. Overnight method 


Two 23 X 4cm strips of filter paper, Schleicher and Schuell, Dassel No. 2043, 
or Whatman No. I are used. The ends only of each strip are moistened in the buffer 
solution and firmly attached to the bridge (Fig. 6). The apparatus is assembled, as 
shown in Figs. 1-6, and the two plastic buffer baths with the electrode compartments 
are filled to the rim with buffer solution. The bridge is placed into the apparatus, 
which is then covered, and a current from a rectifier is switched on at 50 V. The bridge 
is so constructed that when it is put into the apparatus, the paper strips are exactly 
horizontal. When the strips are completely moist, the current is adjusted to 2 mA 
(1 mA for each strip), the voltage being about 50 V. Thin strips of filter paper 25 mm 
long and 1.5—2 mm wide are soaked in the serum, and the excess serum is removed by 


Fig. 7. Normal serum Fig. 8. Normal serum electrophoresis, 
electrophoresis, overnight. 24 h method according to Koun. 


holding the strip with small plastic forceps and running it along the surface of a clean 
microscope slide. The serum-soaked strip is placed on a straight line previously marked 
with a soft pencil 2 cm from the cathode end of the strip. The current is again adjust- 
ed to 2 mA. The rim of the container is covered with the glue solution (7), or silicone 
grease, by means of an ordinary throat swab; the container is then covered with a 
glass plate 24 x 14 cm, which is lightly spread with silicone grease and is weighed 
down with a sandbag such as is used in the X-ray department, weighing 1-2 kg. The 
current is left on for 14-16 h. The current is then disconnected, the bridge is taken 
out of the container and the strips are left to dry on the bridge at room temperature. 
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When dry or almost dry, the strips are put into the fixative baths for 15 min and 
then into the dye bath for 30 min. The strips are then decolorized with the solution (4) 


and left to dry at room temperature. 


IT. Two and a half-hour method (According to KOHN?) 


Two cellulose acetate strips (manufactured by OXO Ltd., London, or C. Schlei- 
cher and Schuell, Foliestreifen, Dassel, to whom we express our thanks for the gener- 
ous supply of strips), 10 x 2.5 cm, are carefully laid on the surface of buffer solution 
(x) in a Petridish. When thoroughly moist, they are removed and the excess buffer solu- 
tion removed by gently pressing the strips between two sheets of filter paper. Ordinary 
filter paper wicks moistened with buffer are fixed to each end and then the cellulose 
acetate strips are attached by means of the filter paper wicks to the bridge (Fig. 6). 
The apparatus is assembled as before, a current of 2 mA (I mA per strip) is run through 
the apparatus for 15 min and then serum is applied at the cathode end in a straight 
line with a capillary tube. The voltage is around 50-60 V. After 24h, the current is 
disconnected, the bridge is taken out and the procedure is continued as described 
above. The quantitative evaluation can be done either with a densitometer or by 


elution !. 


Elution 

1. Mark the stained areas with pencil lines and cut out in separate segments; cut 
each segment into small pieces, and place these in corresponding wide test-tubes. 

2. Elute in 6 ml of 0.02 N NaOH containing 0.2% serum (Reagent 5), shake gently 
till the paper decolorizes, and let stand for 5 min. 

3. Remove the pieces of paper with a glass rod. 
Mix acetic acid (Reagent 4) with formaline (100: 1) and add 1 ml of the mixture to 
each tube, shaking well. 

. Transfer into separate colorimeter tubes and read in the improved Klett-Summer- 
son Electrophotometer, connected to the Kipp galvanometer’, using a red filter 
(600 mu), and setting the zero to the reagents mixture. 

To calculate the results, add all the colorimeter readings, and making their total 
sum equal 100%, calculate the relative concentrations of the fractions. 


SUMMARY 


A simple electrophoresis apparatus is described which is made from readily 
available materials. It operates on low voltage (about 50-60 V). The buffer solution is 
held in two separate plastic containers so that no fluid or current leakage is possible. 
It can be used for serum proteins and lipoproteins and also for hemoglobin separation. 
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AGAR PAPER ELECTROPHORESIS OF A AND F HEMOGLOBINS 


F. RAPPAPORT anpb M. RABINOVITZ 
Hematological Laboratory, Hadassah Municipal Hospital, Tel-Aviv (Israel) 


A clear-cut separation of hemoglobins A and F by electrophoresis is usually 
difficult to obtain. In this paper we describe a simple method for this separation in 
which agar (2%) is used as the supporting medium. This medium has been used pre- 
viously by GORDON é al.1, GRABER AND WILLIAMS?, BUSSARD AND PERRIN?, Ro- 
BINSON et al.4, MONNIER AND FISHER® and WUNDERLY‘®. In our method the results can 
be obtained on glass, filter paper or cellophane sheets for filing purposes; accordingly, 
a quantitative estimation can be made either by a densitometer or by elution methods. 


MATERIALS AND METHODS 


Reagents 


(1) Buffer solution. 7 g of Na, HPO, (anhydrous) and 3.4 g of citric acid (crystalline) 
are dissolved in 1000 ml of distilled water. The pH is 5.7—5.9. 

(2) Agar buffer solution. 2 g of Difco-Bacto-agar are completely dissolved in 
100 ml of buffer solution(1). This solution can be kept in bacteriological screw—cap 
bottles, sterilized and remelted when needed. 

(3) 1% Saponin solution. 1 g of pure saponin is dissolved in 100 ml of distilled 
water. This solution is put into ampoules, sealed and sterilized; it can be stored inde- 
finitely. 

(4) Dye solution’. Dissolve 0.8 g of Light Green SF and 15 g of sulfosalicylic acid 
in 500 ml of distilled water. 

(5) Decolorizing solution. Dissolve 20 ml of glacial acetic acid in 1000 ml of tap 
water. 

(6) Glue solution. Mixture I. 50 g of gum acacia, 25 g of glycerol, and 50 ml of 
distilled water are thoroughly mixed in a mortar. Mixture II. 3 g of sodium lauryl 
sulfate, 30 g of sodium carbonate, and 30 ml of distilled water are thoroughly mixed 
and left overnight. Mixture II is then squeezed through gauze into Mixture I and the 
whole thick mixture is homogenized. Stir thoroughly before use. 


Prodecure 


The apparatus used is that described on p. 531. Two clean thin glass plates,. 
16-17 cm long and 4 cm wide are used. Filter paper (as used for serum electrophoresis) 
13 cm long and 3.6 cm wide is moistened in the buffer solution(1) and placed on the glass. 
plates. This leaves a clearance all around. By means of a 10-ml pipette, the hot 
agar buffer solution(2) (almost at boiling point) is carefully poured on the plate till it 
covers evenly the whole surface (10-12 ml). With a little practice this can be easily 
accomplished. After the agar has solidified, two filter paper wicks, as used for serum 
electrophoresis, are attached to each end of the plate so that when the two plates are 
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placed on the bridge, the ends are immersed in the buffer solution when the bridge is 
placed in the apparatus (Fig. 1). 


Fig. 1. The glass plate with filter paper (num- Fig. 2. The agar—filter paper unstained, still 
bered) and agar, with the filter paper wicks attached to the glass plate with hair pins, dry 
attached to the bridge, ready to be placed in and ready to place in the dye—bath. 

the apparatus. 


Hemoglobin solution. The R.B.C. are washed thrice with physiological saline, and 
to one volume of packed cells are added 2 volumes of 1°% saponin solution ; after com- 
plete hemolysis the solution is centrifuged at high speed for 5 min and the clear 
supernate is used for the electrophoresis. This solution can also be used for the che- 
mical microdetermination of fetal hemoglobin’. Small filter paper discs of 4 mm in 
diameter are prepared with a paper perforator. These can be used as such or in halves. 
Thesmall round discs are soaked in the hemoglobin solution, and the excess hemoglobin 
solution is removed by touching the filter paper discs, held with small plastic forceps, 
to a clean microscope slide. Two of these discs are put on the solidified agar surface, 
just on the top of the underlying filter paper edge, to give clear results (or in the 
middle of the plate) and 1 cm from the side of the glass plate, on the anode side. The 
number of the hemoglobin sample is written with pencil on the filter paper before 
moistening. One drop of the buffer agar solution (2) at about 40°, is placed on each 
soaked disc to cover it. The glue solution(6), or silicone grease, is applied to the rim 
of the apparatus by means of an ordinary swab, and the apparatus is covered with 
24 x 14cm plate glass, which is lightly spread with silicone grease and weighed down 
with sandbags, such as are used in the X-ray department, weighing 1-2 kg. A current 
of 10-14 mA, 85-100 V, is run through the apparatus for about 16-17 h. The ad- 
justment of current and voltage depends upon the rectifier used and should be adjusted 
accordingly. Then the apparatus is disconnected, the wicks are removed and the glass 
plates are immediately dried at 80-85° in a preheated oven. When completely dry, 
the plates are left about 1 h at room temperature; hair clips or stainless steel chromato- 
graphy clips are attached to each end of the glass plates (Fig. 2) which are immersed 
in the dye bath(4) for about 30 min. The dye solution is then completely removed, 
and the decolorizing solution (5) is added. This solution is changed till almost complete 
decolorization, when the agar paper strip is carefully removed from the glass plate, 
the clips are attached to the ends of the paper strips and decolorization is completed. 
The agar—paper strips are pressed between filter-paper sheets till dry and can then be 
kept between cardboard covers indefinitely. 
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é 


Fig. 3. Agar-—filter paper, stained and dried. Fig. 4. Agar-filter paper, dried and stained. 
The hemoglobin solution was applied with The hemoglobin solution was applied with 
filter-paper discs, 2-3 cm from the anode end half discs in the middle of the plate. It shows 
of the plate. It shows the hemoglobin A near the hemoglobin A near the point of application 
the point of application and the hemoglobin and hemoglobin F well separated. 

F well separated. 


Quantitative elution can be performed as described in the previous paper on 
Pp. 534 of this issue. 

When a marker is needed for the F hemoglobin, dilute y globulin solution can be 
run in parallel with the hemoglobin solution. (Poliomyelitis Immune Globulin (Human) 
Lederle, diluted 1:6). 

The globulin and the F hemoglobin run almost the same distance. Serum can be 
used when pure globulin is not available; it must then be applied with the hemoglobin 
at the middle of the glass paper—agar plate. Thin cellophane paper can be used in 
place of the filter paper. The procedure is the same. 

In this laboratory, the same procedure as described in this issue, p. 532 for serum 
proteins is normally used for hemoglobin electrophoresis. A single sheet of filter paper 
covering the width of the bridge, Veronal buffer pH 8.6, and drops of hemoglobin 
solution prepared as just described are used with a current of 2 mA at 60-70 V. With 
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this procedure it is possible to separate other hemoglobins, but not F, from hemo- 
globin A. 


SUMMARY 


A clear-cut, paper—agar electrophoretic separation of hemoglobin A and F is 
described. This method enables qualitative separation of hemoglobin A and F, and 
if necessary also quantitative determination. The dry, stained paper—agar strips can 
be kept for filing purposes. 
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AN IMPROVED SOLVENT COMBINATION FOR 
AMINO-ACID CHROMATOGRAPHY 


C. H. BOWDEN* 
Department of Chemical Pathology, Westminster Medical School, London (Great Britain) 


INTRODUCTION 


A suitable alternative to the collidine—lutidine developing solvent for amino- 
acid chromatography (CONSDEN, GORDON AND MarTIN!, DENT?, Datta, DENT AND 
Harris’) has been sought, due to the objectionable smell, necessity of redistillation 
before use and the unreliability of the movement of the amino acid spots associated 
with this solvent. The most commonly used alternative solvent is butanol—acetic 
acid—water, and comprehensive two-dimensional maps of spots using phenol—water-— 
ammonia as a second solvent have been published by PARRY‘ and SmitTH>5. Whilst 
these mixtures are satisfactory, it is believed that the method presented here will 
offer further advantages. 

HARDY, HOLLAND AND NAYLOR® made a comprehensive study of 55 solvent 
mixtures for amino-acid chromatography. Certain of these contained dicyclohexy]l- 
amine which had the advantage that a greater colour differentiation of spots was 
obtained when they were visualised with ninhydrin. These authors did suggest certain 
two-dimensional combinations but not the one described here, 1.¢., phenol—water— 
ammonia (DATTA é al.*) and an ethylmethylketone—butylalcohol—dicyclohexylamine— 
water mixture. This combination appears to give a particularly useful distribution of 
spots. 

EXPERIMENTAL 
Matertals 

a) Solvent I (DaTTA et al.’), 

Phenol (AR) 200 g Water 50 ml 


b) Solvent II (HARDY ef al.’). 


Ethylmethylketone 100 ml Dicyclohexylamine 20 ml 
Butanol 100 ml Water 50 ml 


This mixture was originally claimed by the authors to be a single phase but in 
this laboratory cloudiness has occurred over quite a wide range of summer tempera- 
tures. The cloudiness can be discharged by addition of a small amount of the organic 
components or by decreasing the water volume to 47 ml. The solvents are stable and 
can be used directly as supplied from the manufacturers, although in one consign- 
ment it was found necessary to re-distil the dicyclohexylamine. 


c) Dipping localisation reagent 
Acetone 93 ml Ninhydrin 0.25 g 
Acetic acid 7 ml 





* Present address: R.A.F. Institute of Pathology and Tropical Medicine, Halton, Ayles- 
bury, Bucks (Great Britain). 
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METHOD 


Two-dimensional chromatograms were prepared by ascending development on 
20 x 20cm square Whatman No. I paper using the multipaper frame of DaATTa et al.’. 
5-10 wl spots of 0.o1M amino-acid solutions were usually sufficient to be applied as 
standards. Temperature could not be controlled and varied between 16—28°. Time for 
development varied between 4-8 h according to temperature. 

The phenol run was made first, and, in the usual manner, 0.88 ammonia 0.5 ml and 
sodium cyanide 0.1 g were added to the tank at the beginning of the run (DENT?). 
The run was carried out during the day and the papers dried in a fan-extracted 
drying cabinet overnight. It was important that all traces of phenol were removed 
before the next solvent run, but this should not be achieved by heating the paper 
above 40°. The ethylmethylketone—butanol—dicyclohexylamine—water development 
was carried out the next day and as it is a fast running solvent system which also 
dries rapidly, complete development and localisation of spots could easily be com- 
pleted on the second day. Location of the spots was achieved by dipping the papers 
in the ninhydrin solution and heating at 75—-85° for 10 min on an observed point of 
maximum colour production. 

The map of spots in Fig. 1, 2 and 3 was built up by repeated chromatograms of 


, TABLE I 


THE NINHYDRIN COLOURS PRODUCED BY THE SUBSTANCES TESTED AND THE CODE NUMBERS USED 
IN FIG. I 





a-Alanine Purple Histidine hydrochloride Green-brown 
p-Alanine Blue Homocysteic acid Purple 
a-Amino iso-butyric acid Purple Homocysteine Purple 
a-Amino n-butyric acid Purple Homocystine Purple 
fp-Amino iso-butyric acid Purple Hydroxy glutamic acid Purple 
f-Amino n-butyric acid Purple Hydroxylysine Purple 
y-Amino butyric acid Purple Hydroxy proline Orange 
e-Amino #-caproic acid Purple Leucine Purple 
a-Amino octoic acid Purple Isoleucine Purple 
a-Amino pimelic acid Purple 2 Norleucine Purple 
Arginine hydrochloride Purple Lysine hydrochloride Purple 
Aspiartic acid Turquoise 44 Methionine Purple 
Aspiaragine Orange Methionine sulphone Purple 
Carnosine Brown Methionine sulphoxide Purple 
Citrulline Purple Methyl-histidine Green-brown 
Cysteic acid Purple Nephrosis peptide Purple 
Cysteine hydrochloride Orange-carmine 49 Ornithine hydrobromide Purple 
Cystine Carmine Phenylalanine Grey-brown 
Diaminopimelic acid Purple Phenylserine Yellow 
Dhydroxyphenylalanine Brown 2 Phosphoethanolamine Red-purple 
D-iodotyrosine Orange-brown Phosphoserine Red-purple 
Djenkolic acid Purple Proline Yellow 
Ethanolamine hydrochloride Purple Sarcosine Purple 
Glucosamine hydrochloride Brown Serine Brown-purple 
Glutamine Purple Taurine Purple 
Glutamic acid Purple Threonine Purple 
Glutathione Purple Tryptophan Brown 
Glycine Red Tyrosine Grey 
Glycyl-glycine Yellow Thyroxine Yellow 
Glycyl-serine Yellow Valine Purple 

31 Glycyl-valine Yellow Norvaline Purple 

32 Histamine hydrochloride Red 
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mined on single-dimension chromatograms was made as this is liable to give erroneous 
results. The behaviour of the spot in the second solvent can be modified by reaction 
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Fig. 2. Map drawn by composite tracings of the more important amino acids and related sub- 
stances. Shading of spots indicates colour difference as well as the amount of overlap. 
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Fig. 3. Map drawn by composite tracings of the less important amino acids and ninhydrin-reacting 
substances. Shading of spots indicates colour difference as well as the amount of overlap. The spots 
in broken outline are related to those in Fig. 2 and assist comparison. 


This solvent system has been used for two years in routine urinary amino acid 
analysis on 25-ul spots of urine with quite satisfactory results. It was confirmed that 
desalting was desirable although apparently not so important as in the case of chro- 
matograms using the collidine solvent system. 

For certain research problems where the material to be analysed was very 
limited, the chromatograms were made on I-yl or 2-ul spots of solution developed 
over an 8 x 8 cmsquare area of paper by marking the starting point 5 cm in from the 
corner of the 20 x 20cm square paper and stopping the development when the sol- 
vent front had reached a position 8 cm beyond the starting line. These miniature 
chromatograms were based on the method described by Harpy e¢ al., but the extra 
solvent run before reaching the starting spot did give more reproducible and surpris- 


ingly clear results. 
RESULTS AND DISCUSSION 


Fig. 1 shows a map of 63 ninhydrin-reacting substances indicating a satisfactory 
distribution over the area of the paper without undue concentration in particular 
areas. Table I gives the code number related to Fig. 1 for a particular substance as 
well as the colour produced when the spot is located with ninhydrin. Although purple 
appears the predominant colour as usual, it should be noted the dicyclohexylamine 
gives a wide variety of colours from blue-purple to red-purple which are distinguish- 
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Fig. 5a Fig. 5b 


Figs. 4a, 4b, 5a, 5b. Chrcmatograms of two pathological urines using the butanol—acetic acid— 
water and phenol—water—ammonia solvent combination (SMITH 5) compared with the ethyl methyl 
ketone—butanol-—dicylohexylamine—water and phenol—water—ammonia solvent combination. 


able yet must be fairly called purple. The other distinctive colours which indicate the 
advantage of the dicyclohexylamine solvent are also shown. 

Fig. 2 and Fig. 3 are maps constructed by composite tracings of authentic chroma- 
tograms, and give a better indication of the spot distribution, overlap and in some 
cases typical shapes. The shading indicates colour difference as well as delineating the 
spots. It will be seen that separation by position and colour is obtained in most of the 
important naturally occurring amino acids. In the special case of urine analysis the 
only amino acids which may occur and overlap in position and cannot easily be 
distinguished, are asparagine and glycine. The colour difference is insufficient to 
detect small amounts of asparagine in the presence of glycine. 

Fig. 4a and 5a are chromatogram tracings of pathological urines using the butanol- 
acetic acid—water and phenol—water—-ammonia combination (SMITH). In contrast 
Fig. 4b and 5b are the same urines chromatographed in ethyl methyl] ketone—butanol- 
dicyclohexylamine—water and phenol—water-ammonia combination. 

There is a tendency for streaking in the phenol development by lysine, hydroxy- 
lysine, cystine, cysteine, homocystine, homocysteine, and glutathione. Threonine 
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gives an elongated spot in the ethylmethylketone solvent run. Aspartic acid repeatedly 
gives a T-shaped spot whilst taurine gives a sloping spot. 

PARRY‘ described the distribution of spots in relation to structure of the sub- 
stance on amino acid chromatograms using phenol and butanol-—acetic acid as the 
solvent systems. His conclusions appear to apply also to this system and the number 
of carboxylic acid groups, amino groups, other substituted groups and length of carbon 
chain affect the position of the spot in a predictable manner. 

It will be noted that a particularly favourable separation of phenylalanine, tryp- 
tophan, leucine, methionine and valine is obtained, especially when the pronounced 
colour differences are taken into account. 

Another solvent mixture proposed by HARDING ¢é al.* involved the use of acetone 
instead of ethylmethylketone in solvent mixture II. This may also be used in conjunc- 
tion with the phenol—water mixture to give a map of similar distribution but a better 
separation in the lower RF groups such as arginine and lysine and worse in the meth- 
ionine, valine, leucine, tryptophan group. Due to the disadvantage of the extra 
volatility, this acetone combination was not studied in great detail, although it may 


be useful for some purposes. 
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SUMMARY 


A map of 63 ninhydrin reacting mater:als produced by two-dimensional chroma- 
tography using a new solvent combination of phenol-water—-ammonia and ethyl- 
methylketone—butanol—dicyclohexylamine—water is presented. The advantages 
offered are an unusually favourable distribution of the more important amino acids, 
much greater colour differentiation, a fast running solvent system pleasant to use and 
stable solvents which do not need preliminary distillation. Satisfactory chromato- 
grams can be produced over a wide temperature range, thus making this a suitable 
method for the less well equipped laboratories without controlled temperature rooms 
and where objectionable smells are not easily tolerated. 
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N AND C TERMINAL GROUPS OF 
HIGHLY PURIFIED BENCE-JONES PROTEIN 


ANTONIO CAPUTO 
Institute of General Pathology, University of Rome (Italy) 


The isolation and purification of Bence-Jones* protein has been reported in a 
previous paper’; the high degree of purity of this protein has been controlled by ultra- 
centrifuge and electrophoresis experiments, where it behaves as a single homogeneous 
and symmetric component. Further evidence of purity has been obtained by submit- 
ting the protein to the reversible spreading boundary test. The BJ protein has a 
sedimentation constant S°,, = 3.4 and the molecular weight, calculated from sedi- 
mentation, diffusion (D°,, = 6.29) and partial specific volume ( V= 0.749) is 49,000. 
The isoelectric point calculated from the pH-mobility curve has been found at pH 5.3. 
Amino acid composition has been determined by column chromatography: 18 amino 
acids, basic, neutral and acid, are present in the protein hydrolysate. It has also been 
found that BJ protein contains 9.4% of glucidic components, identified as glucose, 
mannose and glucosamine. Since for the first time a highly purified BJ protein has 
been submitted contemporaneously to physical, physicochemical and chemical studies, 
it seemed of interest to accumulate further evidence of the chemical structure of this 
protein molecule. This paper presents quantitative studies of the N and C terminal 
groups of BJ protein. To characterise the BJ protein from the pathological and normal 
plasma proteins, PUTNAM?: has determined the N terminal amino acid and has found 
that a great number of BJ proteins possess only aspartic acid on the N-terminal side, 
whereas this amino acid was either undetected as an end group or present only in 
trace amounts in a small number of BJ proteins. The other amino acids detected on 
terminal positions are glutamic acid, serine, threonine, leucine and tyrosine. These 
findings concerning the predominance of the N-aspartyl BJ proteins have been con- 
firmed by BISERTE AND BuRTIN‘ and by BRAUNITZER e¢t al.® 

No reports have been published until now on the C terminal groups of BJ protein. 


EXPERIMENTAL 


The isolation and purification of BJ protein, as previously described!, was per- 
formed as follows. Firstly, the presence of the BJ protein in the urine of a patient 
with a typical multiple plasmocytoma, characterized by diffuse bone tumours and 
infiltration of immature plasma cells in the bone marrow, was confirmed by the 
heating ring probe. Then, the urine was collected over 24 hours and stored at +4°, 
adding thymol as preservative. The clear supernatant, obtained after prolonged cen- 
trifugation, was dialysed against pH 7 phosphate buffer 0.or MV until colourless. Am- 
monium sulphate was then added until 0.45 of salt saturation; the precipitate col- 
lected after centrifugation was dissolved in a small volume of phosphate buffer and 
ammonium sulphate added again until 0.45 of salt saturation. The precipitate was 





* Further called: BJ protein. 
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then redissolved in phosphate buffer and dialysed against the same buffer until all 
ammonium sulphate was removed. At the end of dialysis a heavy crystalline precip- 
itate was present at the bottom of the dialysing bag. 


N terminal residues 


The fluorodinitrobenzene (FDNB)method of SANGER® has been used to detect 
and estimate terminal residues with a free amino group: determinations were repeated 
several times on samples of 100 mg of protein. The dinitrophenyl (DNP)protein was 
hydrolysed under vacuum in a sealed tube with 6 N HCL in an oven at 110° for 
24h. The isolation and estimation of the DNP amino acid from the other amino acids 
of the hydrolysate were accomplished by use of ascending paper chromatography with 
the system toluene—pyridine—ethylene chlorhydrin and 0.8 N NH,OH (10:3:6:6). 
Correction for the recovery of individual DNP amino acids and for the protein con- 
tent of the DNP derivatives were made according to the method of PoRTER’. 


¢ : 





x + 
DNP -Asp BJ 


Fig. 1. Chromatographic separation of DNP derivate from DNP Bence-Jones protein hydrolysate. 
DNP-Asp is the marker; BJ is DNP protein hydrolysate. Photograph taken in blue light of un- 
stained chromatogram. 


In Fig. I, a typical separation of the DNP derivate from the other amino acids 
of the protein hydrolysate is presented. As shown in Fig. 1, only one DNP component 
appears from the protein hydrolysate and its behaviour is similar to that of DNP 
aspartic acid; indeed, in several determinations the same FR, of 0.11 has been found 
for the two compounds. Quantitative estimation of the N terminal residue from the 
eluted spot has yielded the results listed in Table I.. 


TABLE I 


RESIDUES OF N TERMINAL ASPARTIC ACID IN BJ PROTEIN 
(mol. wt. 49,000) 





Chromatogram No. 
Chromatogram No. 
Chromatogram No. 
Chromatogram No. 





C terminal residues 


In these proofs 50 mg of the Bence Jones protein were dissolved in 3 ml 0.05 M 
phosphate buffer at pH 7.4. Then 5 mg carboxypeptidase (Bios Lab. N.Y.) dissolved 
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in I ml of the same buffer were added. Digestion was carried out at 30°; to 1-ml samples 
of the digestion mixture collected at different times of hydrolysis were added 2 ml 
0.5 N HCL in 95% ethanol. After centrifugation, the supernatant was withdrawn, 
concentrated and aliquots were analysed by means of high voltage paper electro- 
phoresis using different buffer systems®. 
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Fig. 2. Rate of appearance of amino acids during the digestion of BJ protein with carboxypeptidase. 


Fig. 2 shows the rate of appearance, during the digestion, of the amino acids re- 
leased by carboxypeptidase from the C terminal side. The amount of valine liberated 
after 1 h of digestion was essentially the same, indicating that complete hydrolysis of 
this amino acid from carboxypeptidase had occurred. When the period of digestion 
was lengthened to over 4h, constant quantities of the other amino acids—glutamic 
acid, alanine and leucine—were identified. 

In order to obtain a quantitative determination of the amino acids released by 
the action of carboxypeptidase and to ascertain the sequence in which they occur, 
aliquots of the digestion mixture were removed and subsequently allowed to react 
with FDNB. The residual DNP amino acids were analysed by chromatography as re- 
ported before; each DNP amino acid was eluted and its quantity estimated from the 
ultraviolet absorption at 360 yu. 

The results of the determinations have revealed that the C terminal amino acid, 
valine, is completely released under the conditions of the experiment and attains a 
plateau value corresponding to I mole of this amino acid per mole of protein. 


DISCUSSION 


From the results of the present investigation it is concluded that the molecule 
of BJ protein consists of an open polypeptidic chain with one free NH, group and one 
free COOH group on the sides. The N terminal amino acid has been identified as 
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aspartic acid and the quantitative value found is in good agreement with the findings 
of PUTNAM? and that of BRAUNITZER eé¢ al.°. 

It seems of interest to note that although the BJ proteins have different physical, 
physicochemical and structural properties, it has been always found that the N 
terminal residues are monoaminodicarboxylic amino acids, mainly aspartic acid. 
These data are in accord with the hypothesis (PUTNAM?, CAPUTO’) that in the synthesis 
of proteins in multiple myeloma, these amino acids play a great role. When Bence- 
Jones protein is allowed to react with carboxypeptidase, the C terminal group suc- 
cessively liberated valine, glutamic acid, alanine and leucine. The amount of the 
first-released amino acid, valine, corresponds to one residue of this compound per 
mole of protein. As illustrated by NEURATH et al.!°, since the rate of hydrolysis of a 
polypeptide is dependent upon the nature of the side chain of its C terminal amino 
acid, the release of each successive amino acid is related to the sequence of the 
amino acids arranged in the chain. After the liberation of valine, glutamic acid, alanine 
and leucine by carboxypeptidase from the protein, the enzymic reaction is stopped 
suggesting that the next amino acid, (2.e., the fifth, after leucine), is one which does 
not conform to the specificity requirements of carboxypeptidase and consequently is 
resistant to the enzymic digestion. 

In the light of the results, it can possibly be concluded that the molecules of 
Bence-Jones protein are composed of a single polypeptide chain, in which aspartic 
acid is confined to the N terminal side, and the tetrapeptide sequence Leu.Ala.Glu. Val 


to the C terminal side. 
SUMMARY 


A highly purified preparation of Bence Jones protein has been submitted to 
analysis in order to identify the N and the C terminal residues. By application of the 
FDNB technique, it has been found that the aspartic acid is the N terminal amino 
acid. The C terminal sequence was studied with the use of carboxypeptidase for the 
stepwise degradation of peptide bonds; in this case, the terminal sequence was found 
to be Leu-Ala-Glu-Val. 
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STUDIES ON THE DETERMINATION OF THE HUMAN 
GLYCINE POOL 


MASAMI YAMANAKA, KANEO ISHII ano TOSHITSUGU ODA 


Tasaka’s Clinic of Internal Medicine, School of Medicine, 
University of Tokyo ( Japan) 


Since the work of SCHOENHEIMER and his colleagues, it is generally recognized 
that the body protein is in a state of dynamic equilibrium. For the purpose of inves- 
tigating protein metabolism in relation to disease in the human, it is of interest to 
measure the size and dynamic state of the amino acid pool if this is possible. In the 
case of living animals several ways of studying the changes that occur in the amino 
acid pool have been investigated by many workers. The nitrogen metabolism of 
fasting rats under various conditions was analysed mathematically by HOBERMAN}, 
who made use of !5N-labeled glycine. In an investigation reported previously?, in 
which HOBERMAN’s method was used, we found that the size of the amino acid pool 
of fasting rats varies according to the conditions. However, HOBERMAN’s method 
cannot be applied to human subjects, because they cannot be starved for 72 hours or 
more simply for purposes of diagnosis. Therefore, another suitable method should be 
sought. We decided to make use of the hippuric acid test for the purpose of analysing 
the human glycine pool. After administration of benzoic acid this substance con- 
jugates with the glycine in the metabolic pool to form hippuric acid. *N-Labeled 
glycine administered orally enters the glycine pool and is probably diluted with non- 
labeled glycine according to the size of the glycine pool; then the diluted labeled 
glycine may be converted into hippuric acid by conjugation with benzoate injected 
intravenously. The larger the size of the glycine pool, the lower will be the concen- 
tration of 15N in urinary hippuric acid; conversely the smaller the size of the pool, 
the higher will be the concentrat on of 15N. If the trace dose of administered labeled 
glycine is homogeneously diluted with the glycine in the pool, the size of the glycine 
pool may be estimated from the *N content of the urinary hippuric acid. The glycine 
pool of rats has been investigated previously by other workers, who used similar 
procedures*: 4 with 14C-glycine. 


METHODS AND MATERIALS 


In the morning 50 mg of !®N-labeled glycine (14.4 atom °% excess) was admin- 
istered orally to a human subject and then after a definite period a routine hippuric 
acid test was performed by the intravenous method. The amount of hippuric acid 
excreted in the urine was measured by a colorimetric method®. The hippuric acid 
from the urine was recrystallized repeatedly until the melting point was constant. 
The *N content of this recrystallized hippuric acid was determined with a mass-spec- 
trometer. 

The glycine pool of 10 normal human subjects and 12 patients with various liver 
diseases was investigated by this method. 
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RESULTS 
I. Time between oral administration of '*N-labeled glycine and injection of benzoic acid 


A group of five normal subjects (group A), one of whom received a triple dose of 
15N-labeled glycine, were given injections of sodium benzoate one hour after the oral 
administration of labeled glycine. Another group of five normal subjects (group B), 
one of whom received a double dose of labeled glycine, were given injections of sodium 
benzoate two hours after the oral administration of the glycine. 


TABLE I 


15N CONCENTRATION IN URINARY HIPPURIC ACID 





Hippuric acid test 
Amount 15N concentration 
Body excreted in in urinary 
weight the urine hippuric acid. 
A ge kg g Atom % excess 


YH 
& 
R 





26 52 0.92 0.042 
26 47 — 0.059 
30 72 1.21 0.046 
41 48 1.11 0.060 
28 51 1.03 0.187 


PB EBE 


* 


26 52 0.85 0.022 
28 51 0.97 0.038 
30 49 1.04 0.029 
28 52 1.18 0.036 
34 54 0.90 0.061 


E. 
K. 
F, 

H. 
. 
E. 

¥. 
T. 

K. 
Y. 
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A: Sodium benzoate was injected 1 hour after oral administration of *N-labeled glycine. 
B: Sodium benzoate was injected 2 hours after oral administration of N-labeled glycine. 
* Received 150 mg of !°N-labeled glycine. 

** Received 100 mg of !®N-labeled glycine. 


The results are shown in Table I. In general, the ®N concentration in the urinary 
hippuric acid was higher for group A than for group B. On the basis of these results 
it was postulated that the decrease of the !5N in the available pool is greater after two 
hours as a result of incorporation into the active protein pool ® or excretion in the urine. 
Consequently, in subsequent investigations it was decided to inject sodium benzoate 
intravenously one hour after the oral administration of labeled glycine. 

For those subjects who received double or triple doses of ®N-labeled glycine, the 
15N content of the hippuric acid was higher in proportion to the administered doses. 


2. The glycine pool of normal human subjects 


The size of the glycine pool was calculated from the following equation: 


in which: 

size of glycine pool (mg N) 

amount of nitrogen in }°N-labeled glycine administered orally 

18N concentration in 1°N-labeled glycine administered orally (atom % excess) 
195N concentration in urinary hippuric acid (atom % excess) 

body weight (kg) 


- 553 
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The data obtained with normal human subjects are shown in Table II. The size 


of the glycine pool lies within the range 34.3 to 48.1 mg N/kg body weight. It was 
again observed that in the case of those subjects who had received double or triple 


TABLE II 
GLYCINE POOL OF NORMAL HUMAN SUBJECTS 





Hippuric acid test Glycine pool 


Body Amount 15N concentration N/R 

Age weight excreted in in urinary 7 ay g 
kg the urine hippuric acid. e 4 

g Atom % excess we 





N 
& 





26 0.059 48.1 
30 0.046 40.3 
41 0.060 46.3 
28 0.187 41.6 
20 0.153 34.6 


20 0.066 39.6 
20 0.076 34.3 
20 0.068 40.9 
20 0.071 40.0 
45 1.41 0.065 40.3 


SAAD PK 
:* 


BMA MEoOne 
Poor we eee 





* Received 150 mg of 15N-labeled glycine. 
** Received 100 mg of !5N-labeled glycine. 


doses of 15N-labeled glycine, the 1*N content of the hippuric acid was higher in pro- 
portion to the doses administered, but that the size of the glycine pool was of the 
same order as that of the other normal subjects. 


3. The glycine pool of patients with liver diseases 


In all three cases of acute liver disorders, consisting of two patients with acute 
hepatitis and one with salvarsan jaundice, the size of the glycine pool was increased 
as shown in Table ITI. 


TABLE III 
GLYCINE POOL OF PATIENTS WITH VARIOUS LIVER DISEASES 





Hippuric acid test Glycine pool 
Amount 
Body excreted N concentration mg N|kg 
weight inthe in urinary body 
urine hippuric acid. weight 
g Atom %, excess 





Name Disease Sex Age 





48 0.72 0.041 68.0 
52 0.92 0.051 50.3 
42.5 0.26 0.049 64.1 
56.0 1.49 0.096 24.8 
65.5 1.18 0.093 21.9 
53-5 0.81 0.034 30.8 
61.0 0.26 0.061 35.8 
64.5 0.79 0.083 24.8 
79 0.75 0.068 24.8 
40 1.12 0.077 43.2 
45-5 1.04 0.080 36.6 
49.5 0.59 0.081 33-3 


_ 
’ 


SIMA OAAZA SAT: 
MHHYM OCH punA 


Acute hepatitis 
Acute hepatitis 
Salvarsan jaundice 
Chronic hepatitis 


Chronic hepatitis 
Dubin- Johnson 
Liver cirrhosis 
Liver cirrhosis 


Clonorchiasis 
Jaundice 
Hepatomegaly 
Kala-Azar 


PER BBBEB BEEBE 





Normal values of the glycine pool range from 34.3 to 48.1 mg N/kg body weight. 
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On the other hand, the size of the glycine pool was decreased in most cases of 
chronic liver diseases. 


DISCUSSION 


The metabolism of glycine is illustrated in the scheme in Fig. 1, which is a modi- 
fication of that of ARNSTEIN AND NEUBERGER’®. 


Muscle and brain 
il 
| 


Body protein W——p—-—> First glycine pool +—-——> Irreversible degradation 








Liver 


Serine, glutathione, =— Kidney ——» Hippuric acid 
nucleic acid, some (if benzoate is present) 
peptides etc. Intestine 


— 


15N-labeled glycine Synthesis Dietary glycine 














Fig. I 


Here the metabolically active glycine pool with a rapid turnover rate, present in 
liver, kidney and intestine etc.*, is designated as first glycine pool. 

The administered !5N-labeled glycine enters into the first glycine pool and mixes 
quickly with the non-labeled glycine in the pool": 2”. 

It was postulated that administered !5N-labeled glycine is rapidly and homogene- 
ously diluted according to the size of the first glycine pool, and that then the diluted 
labeled glycine is converted to hippuric acid by conjugation with benzoic acid ; there- 
fore the smaller the size of the glycine pool, the higher will be the *N concentration 
in the hippuric acid. In the cases where double or triple doses of #®N-labeled glycine 
were given, the concentration of #5N in hippuric acid was increased in proportion to 
the administered doses, as shown in Table II. This is in agreement with the postulate 
made above; this means that the 1*N content of the urinary hippuric acid may well 
represent the size of the human glycine pool. Using these data the normal size of the 
human glycine pool was estimated to be about 40 mg N per kg body weight. This 
value is higher than the value of the total human amino acid pool reported by PIETRO 
AND RITTENBERG’, using the original method of RITTENBERG. Strictly speaking, the 
value of the pool size obtained should be corrected for various factors, such as the rate 
of absorption of !5N-labeled glycine from the intestine or amount of !®N lost from the 
glycine pool during the test by incorporation into the active protein pool or by irre- 
versible degradation. Furthermore, it was reported that the !®N content of creatine & 
and porphyrin® was higher than that of hippuric acid. 

However, this method of analysis may be useful enough to investigate the relative 
changes occurring in the glycine pool under various conditions, at least at the level 
of hippuric acid synthesis. 
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In the cases of acute liver diseases, the size of the glycine pool was increased as 
compared to normal values. However, the amount of hippuric acid synthesized 
generally decreased in these cases, in spite of the increase of the size of the glycine 
pool. Therefore, the decrease of urinary excretion of hippuric acid may be due to the 
more conspicuous decline of the conjugating function of ATP, CoA, or peptide-bond 
forming enzyme activities in the liver.’ In the cases of chronic liver diseases, the size 
of the glycine pool tended to be smaller. 
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SUMMARY 


1. Studies on the human glycine pool were carried out by means of hippuric 
acid synthesis using 1°N-labeled glycine. The size of the human glycine pool was 
calculated from the content of !®N in urinary hippuric acid. 

2. The normal range was found to be 34.3 to 48.1 mg N/kg body weight; these 
values were discussed. 

3. The size of the glycine pool of patients with various liver diseases was compared 
with the normal values. In acute liver diseases, the size of the glycine pool was gener- 
ally larger. On the other hand the size of the glycine pool was found to be smaller 
in chronic cases. 


REFERENCES 


1H. D. HOBERMAN, Yale J. Biol. and Med., 22 (1951) 341. 

2 T. Saxal, H. Korpe, M. YAMANAKA, H. OKa, H. Suzuk1, T. Opa, K. NAGAHATA, AND S. TASAKA, 
Folia Endocrinol. Japon., 33 (1957) 247. 

3H. R. V. ARNSTEIN AND A. NEUBERGER, Biochem. J., 50 (1951) 154. 

4G. L. HABERLAND, K. SCHREIER, K. I. ALTMAN AND L. H. HEMPELMANN, Biochim. Biophys. 
Acta, 25 (1957) 237. 

5 Y. IsHu1, A. AKAZAWA AND Y. HoRIKOSHI, Japan. J. Clin. Pathol., 5 (1957) 167. 

6 J. S. GARROow, in W. H. CoLe, Amino Acid Malnutrition, Rutgers University Press, New 
Brunswick, New Jersey, 1957, p. 14. 

7 A. S. PIETRO AND D. J. RITTENBERG, J. Biol. Chem., 201 (1953) 457. 

8 J. D. Benepict, H. G. Katinsky, L. A. SCHARRONE, A. R. WERTHEIM AND D. STETTEN, 


J. Clin. Invest., 34 (1955) 141. 

9 C,H. GRay AND A. NEUBERGER, Biochem. J., 47 (1950) 81. 

10 W. C. SCHNEIDER, 3éme Congr. intern. biochim., Brussels, 1955, p. 143. 

11H. Borsook, C. L. DEAsy A. J. HAAGEN-SMIT, G. KEIGHLEY AND P. H. Lowy, J. Biol. Chem., 
187 (1950) 839. 

12H. KAMIN AND P. HANDLER, /. Biol. Chem., 188 (1951) 193. 


Received January Igth, 1959 








554 CLINICA CHIMICA ACTA VOL. 4 (1959) 


PATHOLOGICAL OCCURRENCE OF GLUCOSE-6- 
PHOSPHATASE IN SERUM IN LIVER DISEASES 


HIKARU KOIDE anp TOSHITSUGU ODA 


Tasaka’s Clinic of Internal Medicine, School of Medicine, 
University of Tokyo, Tokyo ( Japan) 


During the last decades hundreds of liver function tests have been devised by 
many investigators, and some of these tests are now routinely used in clinical labor- 
atories. In 1933 ROBERTS! was the first to use the determination of alkaline phos- 
phatase in serum as a liver function test, and in 1938 ANTOPOL e¢ al. reported that serum 
cholinesterase activity is decreased in patients with hepatic cell necrosis*. The deter- 
mination of these two enzymes in serum has been used for a long time as an aid in the 
differentiation of liver diseases. Since the recent report of LA DUE, WROBLWESKI AND 
KARMEN® that the serum glutamic—oxalacetic transaminase levels in myocardial 
infarction are elevated, diagnosis by means of the determination of serum enzymes 
has made such rapid progress that nowadays aldolase, lactic dehydrogenase, glutamic— 
oxalacetic transaminase and glutamic—pyruvic transaminase activities in serum are 
routinely determined as an additional useful tool in the diagnosis of liver diseases. 

However, these serum enzyme activities also change more or less in other 
diseases. Since glucose-6-phosphatase is present only in the liver, it seems reasonable to 
expect that an elevation of this enzyme in serum will occur exclusively in liver dis- 
eases and in experimentally induced hepatic injury. This enzyme hydrolyzes glucose- 
6-phosphate to glucose and inorganic phosphate. 

The present paper is concerned with experiments designed to determine whether 
an increased activity of serum glucose-6-phosphatase could be demonstrated in dogs 
poisoned with carbon tetrachloride, and also with preliminary clinical studies initi- 
ated to investigate the applicability of the experimental data to human liver diseases. 


MATERIALS AND METHODS 


Experimental material 

Ten dogs, weighing from g to 12 kg each, were injected subcutaneously with 
1.0 ml carbon tetrachloride per kg body weight. The serum glucose-6-phosphatase 
activity was determined in all animals prior to injection and then at regular intervals 
for five to seven days after the administration. At the same time, liver biopsies using 
a Vim-Silverman needle were made in each dog in the fasting condition. The biopsy 
material was quickly weighed on a micro-balance (from 1 to 3 mg) and then homogen- 
ized in 0.25 M sucrose, using a micro-homogenizer. 


Clinical material 


In preliminary clinical studies on patients with various diseases, an attempt was 
made to find out whether the data obtained in the experiments with animals could be 
applied to humans. The diagnoses were as follows: acute hepatitis, 4 cases; chronic 
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hepatitis, 5 cases; Dubin Johnson syndrome, 2 cases; hepatic cirrhosis, 7 cases; 
cholelithiasis, 2 cases and cholangitis, I case. We also investigated cases of hemolytic 
jaundice, progressive muscular dystrophy, aplastic anemia, myocardial infarction, 
malignant tumor, leukemia, acute nephritis, chronic nephritis and endocrine disorders. 


Procedure for the determination of serum glucose-6-phosphatase activity 


The technic of collecting and preparing blood samples is of the utmost impor- 
tance in this determination. The slightest degree of hemolysis in a specimen can cause 
disturbances in the results, since red blood cells are rich in nonspecific phosphatases. 

Because glucose-6-phosphatase is not as stable as other phosphatases, it is neces- 
sary that it should be measured as soon as possible after preparing the blood samples. 

In principle the determination of serum glucose-6-phosphatase activity consists 
in incubating a specific substrate at 37° and pH 6.5 with a suitable amount of serum 
and then determining the amount of orthophosphate liberated. To a mixture of 0.3 
ml 0.1 M citrate buffer (pH 6.5) and 0.5 ml 0.01 M glucose-6-phosphate, 0.2 ml of 
serum was added. The system was incubated at 37° for 1 h. At the end of the incu- 
bation period, 1.0 ml of 10% trichloracetic acid was added to stop the reaction. After 
a few minutes in ice, the samples were centrifuged. A I.0-ml aliquot was used for the 
determination of the phosphate by the method of FISKE AND SUBBAROW‘*. The enzyme 
activity of the serum is calculated by subtracting the inorganic phosphorus content of 
serum incubated without substrate (enzyme blank) from that of the complete system 
incubated with substrate. A blank containing all reagents except the serum (substrate 
blank) revealed no free inorganic phosphorus. The activity was expressed in units 
per ml of serum. The amount of enzyme that will liberate 1.0 wg of inorganic phos- 
phate at 37° in 1h, was used as a unit. 


Procedure for the assay of liver glucose-6-phosphatase activity: 


The method used for determining the glucose-6-phosphatase activity of liver 
biopsy tissues was a micro-modification of that described by SwANson®. 20-ul 
amounts of the homogenate were used, duplicate determinations being made. The 
amounts of the reagents in the enzyme assay were as follows; 

Liver homogenate (1—2%) 20 pl 

Glucose-6-phosphate (0.2 M) 10 wl 

Citrate buffer, pH 6.5 20 wl 
The tubes were incubated for 30 min at 37°, and the reaction was terminated by the 
addition of an equal volume of 10% trichloracetic acid. Inorganic phosphate was 
determined by a micro-modification of the method of SHINOWARA, JONES AND REIN- 
HART ®, with ammonium molybdate and stannous chloride as reducing agent. Colorime- 
try was carried out with a Beckman spectrophotometer fitted with micro-attachment. 


Preparation of the substrate 

Glucose-6-phosphate was prepared from starch by the combined action of 
potato phosphorylase and broad bean phosphoglucomutase as described by INOUYE, 
ONODERA AND ITO’. The reaction system was as follows: inorganic phosphate, 0.05 M ; 
soluble starch, 1%; magnesium chloride, 0.005 M; pH 7.5. Starting from 10g of 
starch, about 14 g of the anhydrous barium salt was obtained; the purity was 98%, 
calculated from the phosphorus content of its 6-ester. 
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RESULTS 


px-activity curves of phosphomonoesterases tn serum for various substrates (Fig. 1) 


Of the different phosphatases in serum, only acid phosphatase (pH optimum, 
4.5-5.0) and alkaline phosphatase (pH optimum, 8.6—10.3) have been used as an aid 
in the diagnosis of prostatic cancer or obstructive jaundice. When distinguishing sub- 
strate-specific phosphatases from these non-specific phosphomonoesterases, difficul- 
ties frequently arise. 

However, it is well known that, for this purpose pH—activity curves are of con- 
siderable value. In the case of the serum of a patient with acute hepatitis, and util- 
izing glucose-6-phosphate, phenyl phosphate and f-glycerophosphate as substrates, 
it was found that the curves differ from each other in their optimum pH. 

With glucose-6-phosphate as substrate, the maximum activity was observed at 
pH 6.5-6.8, while the activities were minimal at this pH range when phenyl phosphate 
or /-glycerophosphate were used as substrates. This fact suggests that glucose-6-phos- 
phatase appears in human serum when the liver is damaged. 
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Fig. 1. pH—activity curves of serum phosphatases, Fig. 2. Time—activity relationship of serum 
using glucose-6-phosphate, phenyl phosphate and glucose-6-phosphatase and phenyl phos- 
B-glycerophosphate as substrates. 0.1 M citrate phatase. Time in min. G6P = glucose-6- 
buffer was used for the pH range 4—6, 0.1 M phosphate; dP = phenyl phosphate. 
barbital buffer for pH 7, and 0.05 M borate buffer 

for pH 8-9. G6P = glucose-6-phosphate; dP = 

phenyl phosphate; GP = f-glycerophosphate. 


Time-—activity relationshtp of glucose-6-phosphatase and phenyl phosphatase in serum 


Experiments with human sera of patients with liver diseases demonstrated that 
the liberation of inorganic phosphate was proportional—within the limits of the ex- 
perimental error—to the incubation time, at least up to 60 min. Fig. 2 shows time- 
activity curves of glucose-6-phosphatase and phenyl phosphatase in serum of a patient 
with acute hepatitis. The fact that the serum glucose-6-phosphatase activity—time 
curve was linear during the time of assay, indicates that the substrate (glucose-6- 
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phosphate) was present in excess and that glucose-6-phosphatase was a rate limiting 
factor. This means that the reaction in the above system was a zero-order reaction. 
Dilution of the serum did not always cause a proportional decrease in the activity. 


Alterations of serum and liver glucose-6-phosphatase activity following experimental 
liver injury (Fig. 3) 

Dogs injected subcutaneously with 1.0 ml of carbon tetrachloride per kg body 
weight exhibited a sudden rise of the serum glucose-6-phosphatase level. It reached 
a peak of 100-240 units per ml—about 5 to 20 times the normal level—6 hours after 
injection, and returned slowly to the normal level within seven days after the injec- 
tion. In some cases the activity did not return to normal levels even on the seventh 
day. 
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Fig. 3. Variation with time of serum and liver Fig. 4. Comparison of the activities of 

glucose-6-phosphatase activity in dogs following glucose-6-phosphatase, GOT and GPT, in 

experimental liver injury caused by injection of serum of dogs injected subcutaneously 
1.0 ml CCl,/kg body weight. with 1.0 ml CCl,/kg. 


On the other hand, it was observed that the decrease of glucose-6-phosphatase 
activity in the liver of dogs with liver injury is associated with a concomitant increase 
of the enzyme in the serum. Liver glucose-6-phosphatase activity decreased in all 
cases very slowly and reached a minimum 24 hours after the injection of carbon 
tetrachloride. 

The increase in glucose-6-phosphatase activity in serum did not always run 
parallel to the decrease in activity in the liver. The change in the enzyme activity in 
the liver was less than that in the serum. 

As compared with the rapid elevation of glucose-6-phosphatase activity in 
serum, serum glutamic—oxalacetic transaminase (GOT) and glutamic—pyruvic trans- 
aminase (GPT) levels began to increase much later. Their highest activities were ob- 
served on the third day after injection. 

This means that serum glucose-6-phosphatase is more sensitive for diagnosis of 
liver diseases than serum GOT or GPT. 
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Clinical significance of serum glucose-6-phosphatase activity 


It is hardly possible to demonstrate glucose-6-phosphatase activity in the venous 
serum of normal human adults. The established normal value of serum glucose-6- 
phosphatase in human subjects is 0 to 12 units per ml, if 2.0 ml of serum are used. 
However, it is difficult to determine exactly an activity less than 20 units per ml, 
because of the limitations of the electrophotometric method, if 0.2 ml of serum is 
used according to the above-mentioned method. Consequently, instead of describing 
the activity as “‘zero’’ it should be expressed as ““<20 units/ml’. 


TABLE I 


SERUM G-6-PASE IN VARIOUS DISEASES AND COMPARISON 
WITH GOT, GPT AND ALKALINE PHOSPHATASE 





BSP GOT GPt  6+4-Pae 


Diagnosis clearance ' , 
g - unit [ml unit /ml unit /ml 
/O 


x Ss 
phosphatase 
unit /ml 


Acute hepatitis 38 242 3.8 

Acute hepatitis 32 2560 3.5 

Acute hepatitis 220 

Acute hepatitis 55 7.5 
6.5 








Chronic hepatitis 
Chronic hepatitis 
Chronic hepatitis 
Chronic hepatitis 


Chronic hepatitis 
Dubin Johnson 
Dubin Johnson 
Hepatic cirrhosis 


Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 


Hepatic cirrhosis 
Hepatic cirrhosis 
Cholelithiasis 
Cholangioma 


Hepatic coma 
Hemolytic jaundice 
Fatty liver 

Dystrophia musculorum 
progressiva 


Dystrophia musculorum 
progressiva 

Aplastic anemia 
Myocardial infarction 
Myocardial infarction 


Hyperthyroidism 
Hyperthyroidism 
Hyperthyroidism 
Gastric cancer 


Leukemia 
Leukemia 
Acute nephritis 
Acute nephritis 


AN KAXA\X\ANAAN A 


Chronic nephritis 
Diabetes mellitus 


AA 
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Table I summarizes the serum glucose-6-phosphatase activity in 37 patients 
with various diseases including hepatic disorders. At the same time, the results were 
compared with the bromsulphalein clearance test and other serum enzyme activities. 
In four cases of acute hepatitis, the serum glucose-6-phosphatase level rose to values 
ranging from 109 to 256 units per ml. In both chronic hepatitis and hepatic cirrhosis, 
the elevation of glucose-6-phosphatase in serum were not as high as in acute hepatitis. 
In none of the other diseases, could an increase of serum glucose-6-phosphatase be 
observed, except in liver injuries and sometimes in renal diseases. In renal diseases, 
however, the elevation was far less than in liver diseases. In some patients with liver 
diseases, the serum GOT and/or GPT levels were within the normal range in spite of 
the high serum glucose-6-phosphatase level. It is worthy of notice that there is no 
relationship between glucose-6-phosphatase and alkaline phosphatase in serum, 
although they are both phosphomonoesterases. 


DISCUSSION 


The presence of the specific phosphatase, glucose-6-phosphatase, could only be 
demonstrated in the liver, kidney and small intestine (Table II). The high concentra- 
tion of glucose-6-phosphatase found in the small intestine may be partly due to the 
extremely high level of alkaline phosphatase activity, which would make determina- 


TABLE II 


GLUCOSE-6-PHOSPHATASE IN VARIOUS TISSUES 





Activity 


Tissue Species No. of cases (mg Ple wet wt.) 





3.8-4.1 
3.6—4.6 
5.1-6.2 
0.7—-1.3 
0.15—0.65 
O.I—0.2 
0.06 
0.01I—0.03 
0.04 
0.01 
O—0.012* 


Mouse 
Liver Rat 

Human 
Kidney Rat 
Intestine Rat 
Spleen Rat 
Skeletal muscle Rat 
Heart Rat 
Brain Rat 
Lung Rat 
Serum Human 


Rn PNW AD 


iS) 


NN WN 





* mg P/ml. 


tions of the activity of the substrate-specific phosphatase unreliable. If the alterations 
of the serum enzyme activities are caused by the release of the enzymes into the cir- 
culation from destroyed cells, it is reasonable to expect that determination of the 
glucose-6-phosphatase level in serum will be the most powerful tool in the diagnosis 
of hepatic and renal diseases. This enzyme can, however, scarcely be detected in 
normal human serum, which fact was already reported by BRUNS in 19558. It is 
interesting that this enzyme appears in the blood stream in liver diseases and in ex- 
perimental liver injury. In general, the sensitivity of serum enzyme should be pro- 
portional to the difference between the content of the enzyme in liver and in serum. 
An enzyme such as glucose-6-phosphatase whose activity is nearly zero in normal 
human serum, could show a rise in pathological states, which would be a very sensi- 
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tive indicator of the condition; moreover, the interpretation of the results would be 
very easy, since the occurrence of this enzyme in serum is, in itself, pathological. 

The reason for the peak of serum glucose-6-phosphatase activity appearing much 
sooner than those of GOT and GPT after the injection of carbon tetrachloride into 
dogs, might be that the glucose-6-phosphatase is present in the soluble fraction of the 
cytoplasma, whereas GOT and GPT are bound to the granules. This is also one of the 
reasons why serum glucose-6-phosphatase increases appreciably in diseases. 

Since glucose-6-phosphatase is a phosphomonoesterase, it is important to dis- 
tinguish it from other non-specific phosphatases. As a matter of course the question 
may arise whether an observed elevation of activity is actually due to glucose-6-phos- 
phatase and not to non-specific phosphatases. Indeed, it cannot be denied that at pH 
6.5 the possibility exists that these non-specific phosphatases act, to a certain extent, 
on the specific substrate, glucose-6-phosphate. But the fact that no relationship can 
be demonstrated between glucose-6-phosphatase and alkaline phosphatase in serum 
of patients with various diseases (see Table I), together with the observation that 
both phenyl phosphatase and f-glycerophosphatase show lowest activity at pH 
6.5-6.8, although maximum activity was observed for glucose-6-phosphate as 
substrate at this pH range, suggest that glucose-6-phosphatase is actually present in 
serum in liver diseases. 

In experiments in which glucose-6-phosphate and phenyl phosphate, respectively, 
served as substrate for the phosphatases in the serum of patients with various diseases, 
a remarkable difference was observed between the phosphatase activities determined 
according to the method described above, as this is shown in Table III. Since the 


TABLE III 


COMPARISON OF THE ACTION OF SERUM PHOSPHATASES ON TWO SUBSTRATES, 
GLUCOSE-6-PHOSPHATE AND PHENYL-PHOSPHATE, IN VARIOUS DISEASES 





Substrate* 
Glucose-6-phosphate Phenyl phosphate 
0.025 M 0.025 M 
unit /ml unit |ml 





Diagnosis 





Acute hepatitis 220 
Acute hepatitis 109 
Chronic hepatitis 52 
Chronic hepatitis 65 


Hepatic cirrhosis 44 
Cholecystitis 28 
Liver tumor 65 
Liver tumor 72 
Gastric cancer < 20 


ONAN STNMN 
RRHER Db Me 


Uremia 54 
Nephrotic syndrome < 20 
Diabetes mellitus 22 
Chr. myel. leukemia < 20 





* The substrate was added to the system containing 0.2 ml of serum and 0.3 ml of 0.1 M 
citrate buffer, to make a final concentration of 0.025 M, and incubated at 37° for 1 hour. 


ratio of the activity of serum phosphatase towards glucose-6-phosphate to that 
towards phenyl phosphate is unknown in this case, it is impossible to obtain the 
absolute value of the glucose-6-phosphatase activity in serum. However, the relative 
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activity of glucose-6-phosphatase is sufficient for clinical purposes, and its clinical 
significance for diagnosis of liver diseases should be emphasized. 
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SUMMARY 


1. In the venous serum of normal human adults scarcely any glucose-6-phosphatase 
activity can be observed. : 

2. In the case of liver and kidney injuries, and then only, the serum glucose-6- 
phosphatase activity rises in a characteristic fashion, the maximum being no less 
than 2 to 20 times the normal value. The increase in activity is much less in renal 
diseases than in liver diseases. The enzyme is quite different from other non-specific 
phosphomonoesterases. 

3. The peak of the enzyme activity—time curve in experimental liver injury occurs 
within 6 hours. This means that this serum enzyme is more sensitive than other serum 
enzymes. 

4. The glucose-6-phosphatase activity of the liver decreases to a greater or lesser 
extent in experimental liver injury. 

5. The serum glucose-6-phosphatase activity fails to rise in the following diseases: 
myocardial infarction, anemia, leukemia, myopathy and endocrine disorders. 
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METABOLIC RESPONSE TO INJURY 


VACLAV KULHANEK anp VLADIMIR KULENDIK 


Research Institute of Traumatology, Brno (Czechoslovakia) 


THEORETICAL CONSIDERATIONS 


One of the basic problems in bone metabolism is the formation of citrate in the 
bone matrix. The anaerobic metabolic phase changes to the aerobic phase and the 
ossification begins with the appearance of citrate, besides other metabolic processes}. 
It is probably in this stage that the Ca: P ratio increases through the relatively large 
increase of calcium ions?: °, This increase of calcium seems to be connected with the 
production of citrate. is 

In a normal bone the calcium citrate complex is adsorbed on the surface of hydro- 
xylapatite crystals‘. In spite of the lack of physical mobility of bone citrate, meta- 
bolically conditioned changes occur relatively easily, as in some diseases (Paget’s 
disease)* or experimentally as the result of the administration of certain agents 
(parathormone) *. Other authors describe changes of the activity of citrogenase occur- 
ring without any change in the quantity of citrate*®. But in the literature that we were 
able to consult we did not find any mention of the behaviour of citrate in peripheral 
blood after bone fractures or during the healing process. In view of the fact that citric 
acid is supposed to be connected with the changes that occur after bone fractures’, 
however unstable and noncharacteristic these changes may be, we thought that it 
would be interesting to investigate the behaviour of citric acid in peripheral blood 


after bone injury. 


MATERIALS AND METHODS 


We followed the progress of a number of patients treated for injuries in the 
Research Institute of Traumatology. At first we only selected patients with severe 
bone injuries as we wanted to detect possible maximum changes after extensive frac- 
tures of long bones. Later on we also observed patients with minor fractures, then—for 
purposes of comparison with other kinds of injuries—we also included patients with- 
out any evident fracture in our observations and, finally, we examined every patient 
treated at the institute. 

Blood samples were taken as soon after injury as possible by venipuncture accord- 
ing to current usage. Time intervals suitable for following the dynamic course of the 
changes found, were determined by taking blood samples from four patients at regular 
2-h intervals during a 24-h period. From the curves obtained the optimum time 
intervals were found to be 2nd, 12thand 24th hafter taking the first blood sample. In 
patients where the citric acid level did not become normal within the first 24 h, further 
samples were taken every 24 h. These time intervals have no absolute value because 
the time between the injury and the hospitalization of the patient may vary from 
several minutes to a few hours. These time variations are, however, relatively small 
and do not cause interferences in the observation of the course of the changes. 
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Folin-Wu filtrates were prepared from each serum not later than at most 60 min 
after sampling (1 ml of serum, 7 ml of water, I ml of 10% sodium tungstate solution 
and 1 ml of 2/3 N sulphuric acid). In this form the citric acid remains stable for a few 
days!°, but we never left the filtrates for more than 24h in the refrigerator. 

Citric acid was determined according to the method of ETTINGER e al.", modified 
as follows: 

Reagents: (1) 9 N H,SQO,; (2) 40% metaphosphoric acid, (freshly prepared) ; (3) 
2M potassium bromide; (4) saturated potassium permanganate solution; (5) 6% 
hydrogen peroxide (freshly prepared) ; (7) petroleum ether (shaken several times with 
concentrated sulphuric acid, then with water, and redistilled) ; (8) pyridine (boiled 
with 0.1 vol. 30% potassium hydroxide, and after discarding the hydroxide, desiccated 
with dry potassium hydroxide, decanted and redistilled ; this purification was repeated 
until the blanks were colourless); (9) 30% potassium hydroxide; (10) 96% ethyl 
alcohol. 

Procedure: To 4 ml of the Folin-Wu filtrate, acidified with 1 ml of 9 N sulphuric 
acid, add 0.25 ml metaphosphoric acid solution and 0.5 ml potassium bromide solution. 
Cool to 10-15° under flowing water and add 1.5 ml of saturated potassium perman- 
ganate solution. Mix thoroughly and close the tube with a rubber stopper. After 10 min 
decolorize with hydrogen peroxide (avoid an excess!), add 6 ml of petroleum ether and 
shake by hand for 60 sec. Transfer 5 ml of the petroleum ether fraction to another 
wide but thin-walled tube and make alkaline with 2 ml of 30% potassium hydroxide. 
Add 4 ml of pyridine and shake well. Evaporate the petroleum ether on a water bath 
of 85° (+ 2°) while shaking continuously; the vapours should be drawn off with a 
water vacuum-pumpp. As soon as the mixture stops boiling vigorously, the petroleum 
ether has evaporated; continue heating until the total heating time is 34 min. Cool 
immediately under flowing water, transfer 2.5 ml of the pyridine layer to a cuvette, 
add 0.5 ml of ethyl alcohol, mix and read in a photocolorimeter. Our readings were 
performed with a Lange photocolorimeter at 523 my, using a metal interference filter. 
The calibration curve was obtained according to the method of ETTINGER e¢ al.". 

Calcium was determined by the complexometric titration method of HOMOLKA” 
while Dr. BocHORAK very kindly made control measurements on a Zeiss III flame- 
photometer in the Children’s Hospital. 

Although the method for determining citric acid is so elaborate it was chosen on 
account of its high sensitivity. For 2.5 mg % the extinction equals 0.250, for 5.0 mg % 
it is 0.500. The semilogarithmic curve remains linear up to very high values and fol- 
lows Lambert-Beer’s law perfectly. The reproducibility obtained with 28 deter- 
minations was + 0.074 mg %. The normal values of the citric acid content in peripheral 
blood given by many authors are in good agreement": 3.14, so that we contented 
ourselves with 20 determinations. The values obtained were within the given range 
of 2.5mg % + 0.5 mg %, our mean was 0.2 mg % lower. 


RESULTS 


The results obtained in 17 cases selected at random are given in Table I. Up to 
now we have examined 46 cases and the values for the whole number agree completely 


with the values given in the table. 
With the exception of a small number of patients with very light and trivial 
injuries we found in all cases an elevated blood citric acid level. This increase occurs 
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TABLE 
RESULTS OF CITRIC ACID AND CALCIUM DETERMINATIONS 





Shock 
condition 
No. of Date of as mani- _—e 
Patient Sex record injury Type of injury fested He Seew 
clins- . 
cally me % me % 








26. 3.’58 Fractura aperta cruris dx. 6.5 


15. 4.58 Dilaceratio antebrachii sin. I 6.2 


1. 5.58 Fractura cruris dx., fractura I 2.7 
ap. calvae 


19. 5.58 Fractura cruris dx. 6.9 
24.10.’58 Fractura femoris dx. 7.6 


24.10.'58 Fractura costarum, fract. proc. 
transv., decollement cutis reg. 


glut. 1. sin. 


26.10.58 Fractura costarum, vulnus lac. 
reg. glut. 1. sin. 


31.10.58 Fractura metacarpi I. 1. sin., 
discisio tendinis pollicis sin. 


.'58 Contusio thoracis, fract. malleoli 
extr. dx. 


.58 Fractura tibiae sin., vulnus lac. 
cruris sin. 


.58 Fractura costarum, fract. mal- 
leolaris dx. 


..§8 Fract. vertebrae lumb. I. 


.58 Defectus cutis digiti I., III. et 
IV. man. sin. 


.58 Fractura ap. femoris dx., com- 
motio cerebri, vulnera lac. extr. 


inf. 
Fractura femoris dx. 


Fractura cruris dx. 


Ruptura vesicae felleae, haemo- 
peritoneum, ebrietas alcoholica 
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IN THE BLOOD OF 17 PATIENTS SELECTED AT RANDOM 





Blood sample II Blood sample IIT Blood sample IV Blood sample V 


Treatment Time _.., . ; i ; ° 
Citric Serum Time Citric Serum Time Citric Serum Time Citric 


and inter- tnter- A inter- ; inter- . 
medication val os art vat 00d = Co val cid Ca inter acid 
h & % me % np ™e% mE % , "% mE % nh ™e % 











Morphium, atropin, deli- 
gatio gypsea 


Alcohol, amputatio 


Euprogan®*, deligatio 
Syps., revisio fract. 
calvae 


Euprogan, extensio sec. 
Kirschner 


€xtensio sec. Kirschner, 
alcohol 


€uprogan, alcohol, cin- 
gulum, sutura vulneris 


Cingulum, sutura vul- 
neris 


Alcohol, sutura, immobi- 
lisatio 

Euprogan, alcohol, deli- 
gatio gyps., cingulum 


Deligatio gypsea 
Morphium, atropin, re- 
positio, deligatio gyp- 
sea, cingulum 
Euprogan 

Euprogan 

Alcohol, euprogan, ex- 


tensio sec. Kirschner, 
glucosa i.v. 


Alcohol, euprogan ex- 5-4 
tensio sec. Kirschner 


Morphium, atropin, ex- 3-4 : 1.8 
tensiosec. Kirschner 


€uprogan, hibernatio 7.8 ' 24 6.2 (exitus laetalis) 





* Mixture of Phenergan (2 ml), Eunalgit (2 ml) and Procain 1% (10 ml), administered intravenously. 
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after every injury to any part of the body; according to the normal clinical criteria, 
it seems to be proportional, both in magnitude and period of persistence, to the serious- 
ness of the injury, although the seriousness need not correspond to the anatomical 
extent of the injury. 

The citric acid level increases quite individually within the first hours after 
injury. The elevation is never immediate, but develops within the first 2 hours. The 
maximum is reached within the 2nd to 4th hour, in light injuries it falls to the normal 
level after 5 to 10 h, in more serious patients this time interval varies. The return to 
normal is usually followed by subnormal values and in some patients a new slight 
elevation followed by normalization ensues between the 12th and 48th hour (Fig. 1.) 
However, we regard our material as insufficient for a precise evaluation of the inci- 
dence and frequency of these changes and are continuing our research. 


O_O 


-rnNWSAaD 
O 


Citric acid mg% 


oe) 





2 4 6 8 10 12 14 16 18 20 22 24 
Hours 


Fig. 1. A typical curve showing citric acid elevation after injury (fractura tibiae). 


EXPERIMENTS WITH ANIMALS 


Almost every injury is followed by changes in metabolism, manifested by a 
decrease of cholinesterase activity, hyperglycaemia, hyperphosphataemia, increased 
output of acetylcholine and histamine, hyperaminoacidaemia, changes in minerals 
etc.1>1®, But none of these is in itself characteristic or always present, whereas the 
citric acid elevation in peripheral blood occurs after every injury and is to a con- 
siderable extent correlated with the seriousness of the injury. 

In order to verify our findings with the patients mentioned above, we conducted 
some basic experiments with animals. 

The principal question is this: Will the response to injury be the same in animals 
as in man, namely an increase of the peripheral blood citric acid level ? 


TABLE II 
BLOOD CITRIC ACID AND CALCIUM LEVELS IN GUINEA-PIGS AFTER REPEATED CARDIAC PUNCTURES 





Cardiac puncture at time 0 Cardiac puncture after 4h Cardiac puncture after 18 h 
Animal Citric Calcium Citric Calcium Citric Calcium 
No. Weight Sex No. of acid level No. of — acid level No. of acid level 
g punc- level mg % punc- level mg % punc- level mg % 
tures mg % tures mg % tures mg % 











11.7 


214 790 : 12.0 6.5 11.5 
12.0 


I I 
125 800 ‘ 11.4 2 5-4 12.0 I 

217 650 , 11.8 I 72 10.0 I ; II.2 
218 1000 , 12.8 I 5.1 12.0 I 10.4 
III 820 ‘3 11.9 I 23.0 12.8 I 12.6 
227 850 : 12.2 I 6.8 13.2 I 12.8 





* The first cardiac puncture was very difficult and succeeded only at the third trial; the animal was 
heavily shocked and seemed to be dead. It recovered after 10 min and throughout the rest of the experi- 
ment was markedly worse than the other animals. 
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First we determined the citric acid level in normal animals. For this purpose we 
used guinea pigs in series of 7 to 10 animals (at that time there were no other laboratory 
animals available) of different age and weight and of both sexes. The blood samples 
were taken by cardiac puncture and this revealed further important facts. Table II 
shows the citric acid levels in the blood of guinea-pigs obtained by cardiac puncture 
at times 0, 4 and 18 h respectively. Four important facts are evident :(1) the cardiac 
puncture causes a massive increase of citraemia, the extent of the increase depending 
on the way the puncture is performed; (2) there is no correlation between citric acid 
and the calcium ion content in the serum; (3) repeated cardiac puncture usually pro- 
vokes a diminished response; (4) in guinea-pigs the response follows immediately 
after the injury. 

In a second series we subjected the guinea-pigs to trauma of various intensities 
by breaking a leg or by contusion or incision, all under ether narcosis. We used animals 
“trained” to undergo cardiac punctures, all the punctures being performed without 
any trouble in a single direct operation. Table III shows the results of this series of 


experiments. 


TABLE III 


BLOOD CITRIC ACID LEVELS IN GUINEA-PIGS BEFORE AND AFTER EXPERIMENTAL INJURY 





Animal Citric acid Citric acid 
. level before re level after 
7 r 
No. Weight Sex injury Type of injury injury 


g mg % mg % 





850 : Fractura femoris dx. 10.3 

860 ; Vulnus scissum dorsi 8.2 

720 j Infractio fibulae dx. 8.3 

goo ‘ Contusio extremitatis 9.2 
posterioris sin. 

820 ‘ Amputatio extremitatis 15.6 
posterioris sin. 

980 ‘ Contusio corporis tot. 18.8 

760 ? Fractura costarum 22.7 





DISCUSSION 


1. Interrelationship of citrate and calcium 


Many authors have tried to demonstrate by various methods (for a review see 
ref. 20) that a mechanism exists whereby the mutual relationship between citrate and 
calcium in serum is regulated. In an excellent review of previous work done in this field 
CANARY AND KYLE” showed that the views vary in so many respects that a uniform 
explanation is not possible. By their own experiments they demonstrated that in fact 
no such intimate regulating mechanism exists. We were able to confirm this opinion, 
as can be seen from our experiments in animals as well as from the determinations 
that we carried out in the blood of patients suffering from injuries. The alteration in 
the amount of the cation Ca++ after injuries is irregular. In determinations performed 
during a longer post-injury period, changes in the citrate and calcium levels are not 
interrelated. These changes are effected by higher directing factors which may have 
a common primary cause but the acting mechanisms are not interdependent. 


References p. 570 





568 V. KULHANEK, V. KULENDIK VOL. 4 (1959) 


2. Myocardial infarction and citraenna 


We noted in our experiments that cardiac puncture increased the serum citric 
acid level. At this time we were informed of the work of PoJER et al.24 who were the 
first to show that in 80-90% of the cases hypercitraemia appears in the first days after 
infarction. The authors did not find any direct connection between the seriousness of 
infarction and the level of citraemia. They compared the citraemia determination 
with the determinations of serum glutamic oxalacetic (SGO) and serum glutamic 
pyruvic (SGP) transaminase activity and the activity of lactic dehydrogenase, and 
concluded that the citric acid determination was not as sensitive with regard to 
myocardial infarction as the enzymic tests. In the light of our findings we suppose 
that the value of 80-90% reported by PoJER e¢ al. is due to the fact that some of the 
determinations were only made a few days after the infarction, when the citric acid 
level had already become normal again. Since the determinations were not repeated 
at intervals during the whole course of the illness from the moment of its onset, 
which in theory would have been the correct method, we suggest that the highest 
point of the curve was missed. Whereas the enzymes from the myocardium are the 
products of passive release from the damaged tissue, the citric acid level is an indi- 
cation of the response of the whole organism to the injury and probably even of the 
seriousness of the infarction, which need not correspond to the magnitude of the 
trauma itself. We regard the findings of PoJERetal.as very interesting and the deter- 
mination of serum citric acid as an important contribution to the assessment of 


infarction. 


3. The post-traumatic citraemia and administration of citrate 


In their report of an extensive investigation, HEJHAL AND FIrT?? have drawn 
attention to the risks that are involved when fairly large quantities of citrated blood 
are administered, a treatment that is especially indicated in cases of excessive blood 
loss. As a result of this work blood preservation with a less concentrated citrate solu- 
tion was instituted throughout Czechoslovakia. 

According to HEJHAL AND FIrRtT citrate is a toxic agent, which, after it has been 
administered to the organism, irritates vessel interoceptors and thus provokes a sharp 
response in the pulmonary circulation and later in the general circulation. This does 
not seem to be due to chelation of calcium by citric acid. The amounts of citrate in the 
transfused blood are evidently dangerous especially in the case of rapid intravenous 
administration, that is nearer to the more sensitive pulmonary circulation. Beside 
other observations, HEJHAL AND FIrtT found that elimination of administered citrate 
from the organism of bleeded dogs is markedly retarded. We have found that when 
injured the organism contains larger amounts of citrate, a toxic agent according to 
HEJHAL AND FIrtT, than under normal conditions. This fact in itself should prohibit 
further introduction of citrate into an organism that already contains an excess of 
citric acid in peripheral blood. This problem could be solved by omitting the citrate 
altogether when preserving blood. 


4. The identity of citric acid 
An exact and critical consideration of the problem gives rise to the question 


whether the substance determined really is citric acid, as the specificity of the reaction 
used in its determination is disputable": !% , Several substances that resemble citric 
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acid in structure and metabolism give a pentabromo-acetone-positive reaction, ¢.g 
some hydroxy- and keto-acids. The czs form of aconitic acid and isocitric acid are the 
most interesting of these substances. The metabolism of these two acids and of citric 
acid are closely connected and the mutual relations of all three substances are con- 
trolled above all by the enzyme aconitase*‘. The differentiation of these substances is 
possible by paper chromatography. When investigating serum, however, work in this 
field is very difficult so that we have not yet been able to obtain any results that can 
be evaluated with certainty. To obviate possible inaccuracies we decided to designate 
the substance or substances that give the colour reaction described in the section 
MATERIAL AND METHODS as pentabromo-acetone-positive bodies (PBA-pos. bodies). 


5. Metabolic relations of PBA-pos. bodies 


The trauma provokes in the organism a response which is manifested typically 
by elevation of peripheral PBA-pos. bodies. The basis of this reaction seems to be a 
change in the activity of some enzyme or system of enzymes closely related to the 
Krebs cycle. The depressed tissue oxidation as well as many other findings are a good 
support of this hypothesis. The Krebs cycle is a scheme which unites the metabolism of 
lipids, carbohydrates and proteins. The injury to the organism affects the Krebs cycle, 
either directly or because it has an influence on closely related metabolic processes 
and thus interferes with this most important metabolic route in oxidative degradation. 
Our next task should therefore be to find out at which point in the series of enzymic 
reactions the damage has occurred that is responsible for the increase of the PBA-pos. 
bodies, and the mechanism that causes this increase. 


6. PBA-pos. bodies and cerebral metabolism 


Cerebrospinal fluid contains much larger quantities of PBA-pos. bodies than peri- 
pheral blood*®. The values usually given are 4.0-8.0 mg %, which is more than twice 
as much as in peripheral blood. Cerebral injury is followed by a massive production of 
acetylcholine**, the binding of which by e.g. akineton causes a temporary short return 
of consciousness. This reaction is even recommended for differential diagnosis from 
cerebral bleeding or brain contusion. WOLLEMANN?®’ pointed out the function of 
citrate in the formation of acetylcoenzyme A, which plays a direct part in the syn- 
thesis of acetylcholine. The inferences to be drawn from all these phenomena are 
obvious. The unconscious states after head injury are under investigation in our in- 
stitute along the lines mentioned above. 


CONCLUSIONS 


The elevation of PBA-pos. bodies is always found in post-injury states. Since this 
elevation also ensues after the organism has been subjected to other stresses , the res- 
ponse of the organism seems to be uniform and typical. 

We cannot as yet discuss the relation to shock, as this is a clinical term the char- 
acter of which could be obscured by the application of the metabolic theory. The post- 
traumatic response could be regarded as a change of the metabolism varying in its 
intensity, which, at a certain point depending on the seriousness of the trauma or 
the individual reactivity of the organism, is clinically manifested as shock; more 
serious phases are the states of irreversible shock. The alteration of the metabolism 
caused by injury can be demonstrated by establishing the presence of an increased 
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amount of PBA-pos. bodies. The search for the real reason underlying these changes 
is a task for the future. 
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SUMMARY 


An investigation of patients admitted to hospital for injuries showed that after 
injury the amount of pentabromoacetone-positive bodies in peripheral blood is in- 
creased. This increase was also found in experiments with animals. The problems con- 
nected with this finding are discussed. 
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DER EINFLUSS EINES LEBEREXTRAKTES (RIPASON) AUF DIE 
RETENTIONSGROSSE VON VITAMIN B,, (Co) BEI 
CCl,-VERGIFTETEN RATTEN UND SEINE BEDEUTUNG 


B. JASINSKI 


Medizinische Klinik des Kantonsspitals, Winterthur (Schweiz) 


Der Tetrachlorkohlenstoff (CCl,) ist als Lebergift wohl bekannt. Sein Wirkungs- 
modus ist jedoch nur teilweise abgeklart. Die von GLYNN UND HIMSWORTH!: 2 auf- 
gestellte Theorie, wonach die fiir das CCl, so charakteristische medio- und zentrolo- 
bulare bis zur Nekrose gehende Schadigung der Leberzellen das Resultat einer durch 
Schwellung der Leberzellen und konsekutive Einengung der Kapillare bedingten 
zirkulatorische Hypoxie sei, hielt der kritischen Priifung nicht Stand. MyREN ? bewies 
nadmlich eindeutig, dass 1. bei intralienaler Applikation von CCl, die Schadigung der 
Leberzellen sofort, d.h. nur wenige Sekunden nach Verabreichung des Giftes bzw. bei 
subkutaner Injektion ca. nach 10 min. stattfindet ; 2. die Lasion der Leberzellen weit- 
gehend unabhangig von den schon erwahnten mechanischen Verandrungen im Leber- 
kreislauf erfolgt. CCl, grieft demnach die Leberzellen direkt an, wobei der Angriffs- 
punkt im Enzymgefiige zu suchen ist, wie dies CHRISTIE UND JUDAH* beweisen konn- 
ten. Diese Autoren zeigten, dass CCl, die Mitochondrien der Zellen direkt angreift, 
die Enzymsysteme desorganisiert und dadurch den Ausfall einer ganzen Reihe von 
Dehydrogenesen des Zitronensdurezyklus bewirkt, woraus eine Hemmung der Oxy- 
dationen resultiert. EGER® spricht daher mit Recht von einer toxischen Dysenzymie, 
die je nach Grad der Lasion reversibel oder irreversibel sein kann. Es resultieren dar- 
aus mannigfaltige Storungen der Zellfunktionen, die ihren Ausdruck im Glykogen- 
schwund, Hemmung der Amino- und Fettsdurenverwertung, Verfettung, Verzogerung 
der Ribonucleotidsynthese, Verlust von Wirkstoffen wie Vitamine usw. finden. Mor- 
phologische Veranderungen der Zellen werden als blasige Degeneration charakterisiert 
bei wechselnd stark ausgepragten Alterationen des Kernes. 

Im Experiment findet die CCl,-Vergiftung immer wieder Anwendung. Sie ermédg- 
licht das Studium der spontanen Regeneration des geschadigten Leberparenchyms, 
sowie der praventiven und kurativen Wirkungen vieler Stoffe und Medikamente. Es 
gelangen dabei morphologische, histochemische und chemische Untersuchungsmetho- 
den einzeln oder miteinander kombiniert zur Anwendung. Eine wesentliche Berei- 
cherung der Forschungsmethodik brachten zweifelsohne die Isotopen mit sich. Sie 
gestatten die Organe radioaktiv zu machen®: 7; § und ihre Radioaktivitatsgréssen bei 
verschiedenen Untersuchungsbedingungen zu bestimmen, woraus sich neue Erkennt- 
nisse auf den Wirkungsmechanismus der untersuchten Substanz wie auf den Meta- 
bolismus des betreffenden Organs ableiten lassen. Die markierende Substanz muss 
aber 2 Bedingungen erfiillen, die ihre Verwendung rechtfertigen. (z). Ihre Rolle im 
Stoffwechsel der Zelle muss bekannt sein. (2). Sie soll dazu eine hohe Halbwertzeit ha- 
ben und nach Moglichkeit harte Strahlen liefern. Das radioaktive Vitamin B,, (®Co) 
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erfiillt diese 2 Bedingungen in nahezu idealer Weise. Seine biochemischen Wirkungen 
sind, wie nachstehend dargelegt, recht gut bekannt. Es ist Dank dem Co ein ausge- 
sprochener y-Strahler bei einer Halbwertzeit von 5.6 Jahren und ist somit fiir lang- 
fristige Versuche bestens geeignet. Es ist ferner bekannt, dass eine Schadigung der 
Zelle irgend welcher Art, namentlich der Leberzelle, eine Abnahme ihres Vitamin 
B,,.-Gehaltes sowie des Vitamin B,,-Retentionsvermégens bewirkt, die so lange an- 
halt, als die Schadigung der Zellen fortbesteht. 

Von diesen Uberlegungen ausgehend, fiihrten wir Untersuchungen durch mit der 
Fragestellung, ob der Leberextrakt Ripason das herabgesetzte Vitamin B,.-Reten- 
tionsvermégen der Leber CCl,-vergifteter Ratten zu steigern vermag, woraus sich 
eventuell neue Erkenntnisse tiber den Wirkungsmechanismus des gepriiften Leberex- 


traktes ableiten liessen. 


VERSUCHSANORDNUNG 


Wahrend 5 Wochen wurden junge, weibliche Ratten durch CCl, vergiftet (Gruppe 
II und ITI). Die CCl,-Dosis betrug: 1. Woche 0.5 ml 10 %iges CCl, taglich per Schlund- 
sonde; 2.—5. Woche 0.5 ml 5%iges CCl, taglich per Schlundsonde. Samtliche Tiere 
erhielten von der 2. Versuchswoche an jeden 2. Tag 0.02 wg radioaktives Vitamin B,, 
subkutan. Als Kontrollen dienten je eine Gruppe von Tieren, wovon Gruppe I nur 
Vitamin B,, erhielt und Gruppe II CCl, + Vitamin B,,; Gruppe III der vergifteten 
Tiere erhielt Vitamin B,, + 0.5 ml Ripason subkutan. Nach Beendigung des Ver- 
suches wurden die Tiere durch Genickschlag getétet, entblutet und die Radioaktivi- 
taten der homogenisierten Herzen und Lebern der Tiere mit Hilfe eines Scintillations- 
zahlrohres gemessen. Das von uns verwendete Vitamin B,,. (Merck & Co., Rahway, 
N.Y.) wies urspriinglich eine Radioaktivitat von 1 wC = 5 wg/I ml Losung auf. 


ERGEBNISSE 


Die Resultate der Untersuchungen sind aus Tab. I und Fig. 1 ersichtlich. Gegen- 
tiber der Gruppe I sind die Tiere der Gruppe II und III beziiglich Gewichtszunahme 
leicht zuriickgeblieben, wahrend die Gewichte der Lebern stark zunahmen. Betragt 
das Gewicht der Leber in Gruppe I 5170 mg, so weist die Gruppe II ein erheblich 
hoheres Durchschnitssgewicht von 8660 mg und die Gruppe III ein solches von 
7750 mg auf. In den relativen Gewichten kommt die Gewichtszunahme der Leber der 
vergifteten Tiere noch krasser zum Ausdruck. Das relative Durchschnittsgewicht der 
normaler Leber (Gruppe I) van 34.5 °/o9 steigt auf 62.8°/ 9, (Gruppe II) und 55°/o, 
(Gruppe ITI). 

Die Radioaktivitatsmessungen ergaben einen Durchschnittswert von 67 Impul- 
sen/min/I g Frischorgan bei einer starken Streuung der Einzelwerte von 41-118 
Impulse/min. Der Durchschnittswert der Gruppe II betragt 35 Impulse/min/1 g 
Frischorgan bei einer wesentlich geringeren Streuung der Einzelwerte von 25-45. 
Dieser Durchschnittswert steigt in Gruppe III auf 53 Impulse/min/1 g Frischorgan 
an. Man kénnte zwar annehmen, dass es sich in Gruppe II lediglich um einen Ver- 
diinnungseffekt handelt, d.h. um eine Verteilung derselben Menge von Vitamin B,, 
auf ein erheblich grésseres Organ. Ob dies tatsachlich zutrifft, geht aus dem Vergleich 
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der absoluten Zahl der Impulse hervor (Mittelgewicht der Leber x durchschnittliche 


Impulszahl pro 1 g Frischorgan, Tab. II). 
Dieser Tabelle ist zu entnehmen, dass die absolute Zahl der Impulse in Gruppe II 
um mehr als 10% geringer ist, wahrend die entsprechende Zahl in der Gruppe III mit 


Gruppe Ill 
Zahl der Grease t Gruppe Il Vitamin B,, (*°Co) 
Impulse Weiekiank 2 Vitamin B,, (*°Co) 0.02 ug 2-taglich 
prolg $06 ws Bi Se 0.02 ug 2-tdglich + CCl, + 0.5 ml 
Frischleber/ min. eet sik + CCl, Ripason tdglich 
subcutan 





















































¢ Einzelwerte Versuchsdauer: 5 Wochen 
4 Mittelwerte 


Fig. 1. Retentionsgréssen des parenteral zugefiihrten Vitamin B,, (* Co) der Leber bei verschie- 

denen Versuchsbedingungen. Chronische CCl,-Vergiftung hat eine deutliche Abnahme der Radio- 

aktivitat der Leber zur Folge. Die mit Ripason behandelten Ratten zeigen eine wesentlich héhere 
Radioaktivitat der Leber. 


Ripason behandelter Tiere im Vergleich zu Gruppe II um mehr als 30% hoher liegt. 

Bei dieser Versuchsanordnung nehmen die Radioaktivitaten des Myokards eben- 
falls ab. Die durch CCl, bewirkte Abnahme des Vitamin B,,-Retentionsvermégens 
des Myokards ist aber geringer als diejenige der Leber. 


DISKUSSION 


Die Ergebnisse zeigen, dass die orale Verabreichung von CCl, eine Abnahme der 
Vitamin B,,-Retention der Leber zur Folge hat, die sicherlich auf die Schadigung der 
Leberzellen zuriickzufiihren ist. Ein gleichsinniges Phanomen ist auch in der Klinik 
bekannt®: 1°. 11, Die Hepatitis epidemica und die cholamische Leberzellnekrose gehen 
mit einem enorm erhdhten Vitamin B,.-Gehalt des Serums einher, der mit der fort- 
schreitenden Besserung des Leberparenchyms allmahlich zur Norm zuriickkehrt. 
Dieses Phanomen kommt offenbar in der Weise zustande, dass die geschadigte Leber- 
zelle 1. das in ihr vorhandene Vitamin B,, verliert und 2. auch die Fahigkeit, das ihr 
kontinuierlich anfallende Vitamin B,, zu retinieren, einbiisst. Diese Deutung gibt 
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TABELLE I 


KORPERGEWICHT, ABSOLUTE ORGANGEWICHTE (LEBER UND HERZ), RELATIVE ORGANGEWICHTE IN 
°/o0 DES KORPERGEWICHTES UND IMPULSZAHLEN PRO I & FRISCHORGAN 












Leber Myokard 













Ti Korpergewicht Absolutes Relatives Zahider Absolutes Relatives Zahl der 
— zu Beginn am Ende Gew. Gew. °/5, Impulse Gew. Gew. °/4, Impulse 
da des Versuches in g mg d.K.g. prolg mg d.K.g. prolg 















Gruppe I 











































654 126 146 5100 35-0 41 499 3-43 24 
655 142 186 6300 33-9 41 546 2.94 93 
656 III 141 5250 37.2 50 408 2.89 95 
657 120 139 4550 32.7 88 397 2.86 141 
658 119 139 4650 33-3 118 440 3-17 40 
Mittel 124 150 5170 34-5 67 458 3.06 78 
Gruppe II 
659 126 138 go0o0o 65.2 30 385 2.79 51 
660 135 150 g050 60.3 2 525 3.51 37 
661 IIO 133 9300 70.0 38 427 3.21 37 
662 125 142 8400 59.2 45 439 3.09 48 
663 112 126 7550 59-9 37 409 3.25 107 
Mittel 122 138 8660 62.8 35 437 3-17 50 
Gruppe III 
Gq —ti‘éyéC«;*ET YL 134 6750 50.4 78 420 3-14 52 
665 136 148 7950 53-7 50 472 3.19 2 
666 113 131 6100 46.6 85 416 3.18 79 
667 122 136 8350 61.4 26 411 3.13 70 
668 128 141 7550 53-5 74 460 3.26 95 
669 117 Ex 
670 126 152 7650 50.4 24 679 4-47 75 
671 109 141 9300 66.0 51 415 2.94 85 
672 124 143 7800 54-5 25 456 3.19 35 
673 12 141 8200 58.2 67 657 3.24 36 
Mittel 122 141 7750 55-0 53 465 3-30 64 
Gruppe I = Kontrollen 


Gruppe II = mit CCl, chronisch vergiftete Tiere 
Gruppe III = mit CCl, chronisch vergiftete und mit Ripason behandelte Tiere 


TABELLE II 


ABSOLUTE IMPULSZAHLEN (LEBERGEWICHT X ZAHL DER IMPULSE/I g FRISCHORGAN/MIN) 





Gewicht der Zahl der Impulse absolute 





Leber I g Frisch- Impulszahl 

in mg organ /I min. proilg 
Gruppe I 5170 67 340.3 
Gruppe II 8860 35 303.1 
Gruppe III 7750 53 410.7 





natiirlich noch keine Auskunft tiber die eigentliche Genese unserer Befunde und eben- 
so wenig tiber den Wirkungsmechanismus des Leberextraktes, der, wie gezeigt, die 
Vitamin B,,-Retentionsgrésse bei CCl,-vergifteten Tieren ansteigen lasst. Die Kennt- 
nis der Stoffwechselwirkungen von Vitamin B,, sowie sein Sitz in der Zelle selbst sind 
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von grossem Wert. Das Vitamin B,, spielt bekanntlich im Stoffwechsel der Zelle, ins- 
besondere des Zellkernes, eine iiberragende Rolle. Im Zusammenwirken mit Folsdure 
katalysiert es den Aufbau energiereicher Stoffe wie Urazil, Cytosin, Thymin, Thymi- 
din, Pyrimidin?*: #3 usw., also der Vorstufen der Nukleotide und Nukleinsaduren. 
Transmethylierungen und moglicherweise auch Nutzbarmachung der im intermedia- 
ren Stoffwechsel dem Organismus standig anfallenden Einkohlenstoffreste wie Formy]l 
(—CHO) und Hydroxymethylgruppen (—CH,OH) sind hiefiir notwendige Voraus- 
setzungen !*; 13, Kin Vitamin B,.-Mangel hat bekanntlich schwere Veranderungen im 
Blutbilde zur Folge im Sinne einer megaloblastaren Umwandlung der Erythropoese, 
deren auffallendstes Merkmal St6rungen im Kernstoffwechsel sind. Diese lassen sich 
ganz allgemein als eine Verzégerung im Aufbau der Nukleoproteide definieren mit 
allen ihren Folgen, wie St6rungen der Kern- und Plasmareifung sowie Alterationen im 
Mitoseablauf mit Polyploidie und Mehrkernigkeit der Zellen. Glossitis, Magenschleim- 
hautatrophie mit Achylie, funikulare Myelose, Sehst6rungen, Veranderungen der Psy- 
che mit pathologischem EEG sind weitere bekannte Folgen des Vitamin B,,-Mangels. 

Die Trennung der Zellbestandteile mit Hilfe der Ultrazentrifuge erlaubt, den 
Sitz von Vitamin B,, in der Zelle genauer zu prazisieren1*. Es ist nun bekannt, dass 
dieses Vitamin in der Hauptsache in den strukturierten Bestandteilen der Zelle, wie 
Kern, Mitochondrien und Mikrosomen zu finden ist, d.h. in jenen Bestandteilen, die 
die eigentlichen Trager der Enzymsysteme sind. Diese Erkenntnisse sind in bezug auf 
die Deutung der Wirkungsweise des Leberextraktes sehr wertvoll. CHRISTIE UND 
JUDAH? zeigten, dass das CCl, in der Hauptsache die Mitochondrien der Zelle an- 
greift und dadurch die bekannten funktionellen Ausfalle im Enzymsystem des Zitro- 
nensaurezyklus bewirkt. Es schadigt also jene strukturierten Teile der Zelle von En- 
zymcharakter, die zugleich der Sitz von Vitamin B,, sind, welches an mannigfachen 
Vorgangen des Stoffwechels der Zelle katalytisch beteiligt ist. Der Verlust der Zelle 
an Pyrimidinnukleotiden (CHRISTIE UND JUDAH‘) der mit CCl, vergifteten Leber 
geht, wie wir es zeigten konnten, auch mit einem Vitamin B,,-Verlust einher. Die 
Tatsache, dass der Leberextrakt Ripason imstande ist, das Vitamin B,,.-Retentions- 
vermogen der geschadigten Leberzelle zu steigern, weist auf seine direkten Wirkungen 
auf die Enzymsysteme der Zelle hin im Sinne einer Schutzwirkung oder einer For- 
derung ihrer Regeneration. Auf diese Weise méchten wir die verschiedenen therapeu- 
tischen Effekte von Ripason, wie Lipotropie, Forderung der Albuminsynthese, Ent- 
giftung, Beschleunigung der Regeneration des Leberparenchyms usw. erklaren}>, 1%, 17, 
wobei es sich wahrscheinlich um weitgehend spezifische, organotrope, mehrere Sek- 
toren des Stoffwechsels der Zellen umfassende Wirkungen einer Vielzahl von Stoffen 
handeln diirfte, deren Angriffspunkt — die Enzymsysteme — in den Mittelpunkt der 
Betrachtungen des Wirkungsmodus riicken. So glauben wir auch die ausserordentlich 
interessanten und aufschlussreichen Ergebnisse der Untersuchungen von ROULET!® 
deuten zu diirfen, aus welche hervorgeht, dass Ripason die Entwicklung der Cholin- 
mangel-Cirrhose der Ratte hemmt, obschon der Cholingehalt im Ripason mit 1.6 mg 
pro I ml erheblich unter der notwendigen Schutzmenge von 20 mg pro ml liegt. 

Die Lebern der Ratten wurden auch histologisch untersucht. Sie zeigten das Bild 
einer ausgedehnten Verfettung mit beginnender Cirrhose. Abgesehen von der Poly- 
morphie der Leberepithelien fanden sich in Schnitten zahlreiche Mitosen (vergl. auch 
FITZHUGH?*), besonders in der Gruppe II. Ihr zahlenmassiges Verhalten ist aus Tabelle 
III ersichtlich. 
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TABELLE III 





Zahl der Mitosen pro 100 Gesichtsfelder* 





Gruppe I I (o— 5) 
Gruppe II 27 (I — 79) 
Gruppe III 7-5 (0 — 32) 





In Klammern: Streuungsbreite, 
* Zeiss-Okular 8 x, Objektiv 40 mm, Feldgrésse 9068 mm?. 


Die grésste Zahl von Mitosen findet sich also in der Gruppe II der mit CCl, ge- 
schadigten Tiere, die kein Ripason erhielten, wahrend ihre Zahl in der Gruppe III, 
die mit Ripason behandelt wurde, bedeutend tiefer liegt. Dieser interessante Befund 





Fig. 2. Regenerationszentrum (zentral im Lappchen) mit 5 Zellteilungsfiguren. Man beachte die 
unterschiedlichen Kerngréssen. Im Vergleich zu Fig. 3 ist die Zellpopulation weniger homogen. 
Vergrésserung 180 x. Das Tier erhielt kein Ripason. 
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Fig. 3. Im Bild links ein Zentralvenengebiet fast véllig normalisiert, nur Verfettung noch deutlich. 
Kerngréssen homogen. Zellpopulation ausgepragter. Keine Mitosen. Vergrésserung 180. Das 
Tier wurde mit Ripason behandelt. 
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ist nicht leicht zu deuten. Setzt man die Zahl der Mitosen in Beziehung zum Grad 
der Schadigung, so wiirde eine hohe Mitosezahl eine schwere Schédigung und umge- 
kehrt eine geringere Mitosezahl eine Schadigung leichteren Grades bedeuten. Diese 
Deutung stdsst jedoch insofern auf Schwierigkeiten, als eine hohe Mitosezahl im 
allgemeinen auf eine verstarkte Regeneration hinweist, vorausgesetzt natiirlich, dass 
der Mitoseablauf nicht gestért ist. Diese Annahme ist jedoch schon deswegen nicht 
gut moglich, weil der Ablauf der Mitosen ein enzymatisch gesteuerter Vorgang ist und 
dass CCl,, wie bekannt, die Enzymsysteme desorganisiert. Diese Erkenntnisse veran- 
lassen uns anzunehmen, dass im Anstieg der Mitosezahl in Gruppe II in der Tat eine 
toxische Verlangsamung des Mitoseablaufes zum Ausdruck kommt, wahrend der 
Abnahme der Mitosezahl in Gruppe III eine teilweise Aufhebung der toxischen CC]l,- 
Wirkung durch Ripason und dementsprechender Beschleunigung des Mitoseablaufes 
zugrunde liegt (Fig. 2 und 3). 

Wir sind uns bewusst, dass die dargelegten Ergebnisse unserer Untersuchungen 
nur einen Beitrag zur Erforschung des ausserordentlich komplizierten Stoffwechsels 
der Leberzellen darstellen. Nichtsdestoweniger glauben wir, damit fiir die Forschung 
neue Wege auf diesem Gebiete aufgezeigt zu haben. 


ZUSAMMENFASSUNG 


Chronische CCl,-Vergiftung bewirkt bei der Ratte regelmassig eine Abnahme 
des Vitamin B,,.-Retentionsvermégens der Leber. Die Abnahme ist betrachtlich 
geringer, wenn die Tiere mit wassrigem Leberextrakt behandelt werden. 

Der eigentliche Sitz von Vitamin B,, sind die strukturierten Bestandteile der 
Zelle (Kern, Mitochondrien und Mikrosomen), die zugleich Trager der Enzymsysteme 
sind. Aus den Ergebnissen der Untersuchungen wird geschlossen, dass die Wirkungen 
des Leberextraktes tiber die Enzymsysteme der Zellen erfolgen, indem der Extrakt 
entweder die Leberzelle vor der toxischen CCl,-Vergiftung schiitzt oder die Erneue- 
rung der geschadigten Enzymsysteme férdert. Dadurch wird u.a. auch das Vitamin 
B,,-Retentionsvermégen der Leberzelle verbessert. Diese Wirkungen kommen auch 
in einer geringeren Zahl von Mitosen in Leberschnitten der mit Leberextrakt be- 
handelten Tiere zum Ausdruck. Es wird angenommen, dass der Leberextrakt den 
durch CCl, verlangsamten Ablauf der Mitosen beschleunigt. 


SUMMARY 


THE INFLUENCE OF A LIVER EXTRACT (RIPASON) ON THE RETENTION OF VITAMIN By, 
(9°Co) BY RATS POISONED WITH CC], 


In rats chronic poisoning with CCl, causes a decrease in the vitamin B,, retention 
capacity of the liver. This decrease is considerably less when the animals are given 
an aqueous liver extract. 

The actual sites of location of vitamin B,, are the structural components of the 
cell (nucleus, mitochondria and microsomes), on which the enzyme systems are also 
located. From the results of the experiments it was concluded that the liver extract 
acts through the enzyme systems of the cells, either by protecting the liver cells from 
the CCl, poisoning or by promoting the regeneration of the damaged enzyme systems. 
In this way the vitamin B,, retention capacity of the liver cells is also improved. 
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These effects are also evident from the decreased number of mitoses in liver slices 
from animals that have received the liver extract. It is concluded that the liver extract 
accelerates the mitosis slowed down by CCl,. 
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THE EFFECT OF SULFONYLUREAS ON THE RESPIRATORY 
QUOTIENT IN DIABETIC AND NORMAL ANIMALS 


PAOLO CERLETTI ann CARLO GREGOLIN 


Institute of Biological Chemistry, University of Rome (Italy) 


The action of hypoglycemic sulfonylureas on blood and urinary glucose has been 
extensively investigated; however no systematic study has been made to determine 
their effect on the respiratory quotient (R.Q.). 

WIckK e¢ al.' studied the effect of Orinase on the oxidation of glucose in the evis- 
cerated animal by analyzing the CO, expired after the administration of !4C-glucose. 
LOUBATIERES?, referring to the fact that hypoglycemic sulfonamides have no effect 
on the blood-glucose level in totally depancreatized dogs, says that the R.Q. is also 
unaffected. MELI AND PARENTI® studied the effect of 1-butyl-3-p-tolylsulfonylurea 
on the R.Q. of fasting normal rats, without previous administration of glucose. 

We therefore thought it would be interesting to study systematically the effect 
of hypoglycemic sulfonylureas on the R.Q., in connection with the action of insulin. 


EXPERIMENTAL 


Materials and methods 


N}-n-butyl-N?-3-f-tolyl-sulfonylurea (SU), was kindly supplied by Valeas, 
Milano. It was dissolved in slightly alkaline water (pH 8.5) and then administered 
orally by means of a gastric tube; it was perfectly tolerated. 

Ten times recrystallized Zn-insulin was a kind gift of E. Lilly Co.; it was in- 
jected subcutaneously. 

The blood-sugar level was determined according to HAGEDORN AND JENSEN?! 
(on blood obtained from the tail vessels) and urinary sugar according to BENEDICT®. 

60 mg/kg alloxan, recrystallized before use, was injected intravenously or in- 
traperitoneally into rats weighing between 150 and 200 g. When a steady diabetic 
state had been reached (more than 4 days, daily urinary glucose excretion above 7-8 g 
and fasting blood sugar above 4.5 g°/o.) the animal was fasted overnight. The R.Q. 
was determined in a Haldane-Margaria apparatus® on duplicate air samples from an 
airtight glass bell-jar in which the animal had been kept for 20 min. In the time 
intervals between the withdrawals the animal was removed from the bell-jar. After 
this first determination, 2 g glucose dissolved in 1.5 ml water were administered 
with the aid of a gastric tube, and the R.Q. was again determined at intervals of 1 h 
over a period of 4 h. The blood-sugar level was determined before and after the ex- 
periment. 

The administration of glucose during the determination of the R.Q. was thought 
necessary to provide the fasted animal with a suitable substrate to metabolize and 
was never omitted. 
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RESULTS 


The response of the R.Q. to SU 


The effect of SU on the R.Q. of alloxan-diabetic rats was ascertained with a 
group of 23 animals. On the first day, only glucose was administered and the R.Q. 
was determined as described above. The rat was fed with a balanced diet for the rest 
of the day and the urinary sugar determined. The rat was again fasted overnight. 
The next morning, after checking the R.Q. and administering 250 mg/kg SU and 2 g 
glucose, determinations were performed in the same way as described above. The 
results are shown in Table I. 














TABLE I 
EFFECT OF SULFONYLUREA (SU) ON THE R.Q. OF ALLOXAN-DIABETIC RATS 
Time in Substrate administered Significance 
hours af- I II of difference 
after ad- 2 g glucose + 250 Difference (I—IT) ee 
mintistrat. **% glucose mg/kg SU . "= 29 t P 
of SU oe pm 5 

fe) 0.739 + 0.016 0.735 + 0.013 imines... : : 

I 0.756 + 0.015 0.745 + 0.015 O.O1I + 0.014 

2 0.785 + 0.018 0.757 + 0.014 0.028 + 0.020 1.401 0.18 

3 0.783 + 0.015 0.773 + 0.015 0.01I + 0.019 

4 0.747 + 0.016 0.753 + 0.016 0.006 + 0.016 











For each animal the R.Q. and blood glucose determined at the beginning of the 
second day of the experiment had approximately the same value as in the same con- 
ditions on the first day. 

When the rats that had a low or high initial R.Q. with respect to the general 
mean (< 0.7 and > 0.8, respectively) are considered separately, the results are 
practically the same, indicating that SU has no effect on the R.Q. 

In some animals, the day after the R.Q. determinations, the course of the blood- 
sugar level was followed after administration of 250 mg/kg SU. A decrease of 26% 
(n = 5) as compared to the level before administration (4 to 5°/o9) was found 14h 


after administration of SU. 


The effect of SU on insulin sensitivity 


In order to ascertain whether there is a relationship between insulin and SU, 
determinations of the R.Q. of healthy and diabetic rats were carried out every day 
over a period of four days, as described above. The animals were given glucose only 
(2g) the first day, glucose + SU (250 mg/kg) the second day, glucose + insulin 
(4 I.U.) + SU the third or fourth day, glucose + insulin the fourth or third day. 
Glucose + insulin were given $h after SU, so as to time the maximal response of 
blood-sugar level to SU (about 14 h) with that of the R.Q. to insulin (about the first 
hour). 
As can be seen from Table II A, the amount of insulin used was sufficient to 
produce a significant but not a maximal increase of R.Q.; in this way it was possible 
to see whether the administration of SU enhanced or reduced the effect of insulin. 

From Table II it can be seen that in diabetic animals the rise in the R.Q. resulting 


References p. 582 








VOL. 4 (1959) EFFECT OF SULFONYLUREAS ON THE R.Q. 


TABLE II 


EFFECT OF SULFONYLUREA (SU) ON THE RESPONSE OF THE R.Q. TO INSULIN 
IN ALLOXAN-DIABETIC RATS 








Time in A B 
hours Glucose 2g + insulin Glucose + insulin + compared to the 
after adm. 41.U. S.U. (250 mg/kg) value at time = 0 

of insulin n =6 n= 6 A B 


R.Q. increase as Significance of 
difference A—B 











0.718 + 0.024 0.715 + 0.027 

0.855 + 0.020 0.871 + 0.036 0.136 0.156 
0.940 + 0.021 0.883 + 0.037 0.222 0.168 
0.880 + 0.051 0.878 + 0.040 0.162 0.163 
0.831 + 0.040 _ 0.818 + 0.040 0.113 0.103 





from the administration of insulin is slightly decreased by the concomitant adminis- 
tration of SU. In healthy animals, on the other hand, SU and insulin either together 
or separately, elicit the same response with glucose, viz. an increase of the R.Q. 
following carbohydrate feeding. 

In order to compare the effect of SU and of insulin more effectively we thought 
it would be interesting to see whether the amount of insulin which lowers the blood 
sugar by 26% (the same decrease as obtained with SU in our experimental conditions) 
is able to raise the R.Q. Increasing amounts of insulin were given to diabetic rats and 
the R.Q. determined as described above. The minimal amount able to elicit a signi- 
ficant increase of the R.Q. after carbohydrate feeding (2 g glucose) was 0.7 I.U.; 0.5 
I.U. produced a response similar to that of glucose alone. 

The blood-sugar level was then followed in the same animals (fasted overnight 


and not given glucose) after administration of 0.7 I.U. insulin. As compared to the 
level before administration, a decrease of 36.3% + 0.7 (n = 4) was found after 1 h, 
of 38.0% + 6.3 after 2h, and of 36.5% + 6.2 after 3 h. 


DISCUSSION 


The sulfonylurea used in this work is soluble in alkaline medium. Gastric acidity 
causes flocculation of the drug, which was verified by autopsy. However, the de- 
crease of fasting blood sugar constantly observed proves that in these conditions the 
drug is absorbed. 

As can be seen from Table I, the R.Q. remains unchanged when SU is adminis- 
tered and is sometimes even slightly decreased as compared to controls that received 
glucose only. Most probably this cannot be attributed to an increased alkaline reserve, 
due to the drug itself or to the medium in which it is dissolved. In fact when SU is ad- 
ministered together with glucose to healthy rats the R.Q. rises to the normal value of 
unity. Moreover, in one of the diabetic animals considered in Table II (4.30 °/99 fasting 
blood sugar) the administration of glucose + insulin + SU brought the R.Q. to 
unity, which again shows that the CO, produced is not bound. 

Our results show that in severely diabetic animals SU does not increase the R.Q. 
This fact can in part be predicted from LOUBATIERES’s? finding that the hypoglycemic 
sulfonamides have no effect on the blood-sugar level and R.Q. of totally pancreatec- 
tomized dogs. It should, however, be borne in mind that those rats in which the blood- 
sugar level was followed after administration of SU showed a decrease of blood sugar. 
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This result agrees with those of LANG AND SHERRY’ and shows that in animals in 
which the pancreatic activity has not been destroyed by excision of the pancreas, a 
removal of glucose from blood follows the administration of SU, but no “overall” im- 
provement of the metabolic disorder is detectable im vivo as shown by the R.Q. 

The decreased sensivity of the R.Q. to insulin following SU administration 
corresponds to the results found for blood sugar by LANG AND SHERRY’. Both these 
findings are not consistent with the view that SU exerts its hypoglycemic effect by 
inhibiting the action of insulinase. They also suggest that the effect of SU is not only 
a further release of insulin into the body, since in LANG’s experimental conditions and 
in ours, an additional amount of insulin resulting from SU administration would have 
produced a further lowering of blood-sugar level and a rise of R.Q. and not the ob- 
served decrease in sensitivity to exogenous insulin. 

It may be questioned whether SU, which causes a decrease of only 26% in blood 
glucose, elicits the production of an amount of insulin sufficient to have an effect on 
the R.Q. Our results show that the minimal dose of insulin that has an effect on the 
R.Q. lowers the blood-sugar level to a somewhat greater extent than SU does. These 
data therefore do not allow a clear-cut answer. 

It can however be said that an amount of insulin that lowers the bloodglucose 
level 26 % is about the minimum that causes a response in the R.Q. Therefore the 
lack of effect of SU on the R.Q. and the decreased sensitivity of the R.Q. (as well as 
that of fasting blood sugar, found by LANG AND SHERRY’ and confirmed by us) to 
insulin in the presence of SU, cannot be easily explained on the basis of a simple 
inhibition of insulinase and/or increased secretion of insulin resulting from adminis- 
tration of SU. 


SUMMARY 


The effect of N!-n-butyl-N2-3-f-tolyl-sulfonylurea (SU) on the resporatory quo- 
tient (R.Q.) of alloxan-diabetic rats has been studied. After administration of SU 
the R.Q. remained unchanged but its sensitivity to insulin was found to be decreas- 
ed. These findings, when considered in connection with the effect of SU on the 
fasting blood-sugar level and the action of insulin, make it questionable whether SU 
administration results exclusively in an inhibition of insulinase and/or an increased 
secretion of insulin. 7 
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THE “HALF-LIFE” CONCEPT IN THE DETERMINATION OF THE 
FUNCTIONAL CAPACITY OF THE LIVER 


C.L. J. VINK 
Pediatrics Department* of the University Hospital, Leiden (The Netherlands) 


INTRODUCTION 


In examining the condition of the liver, we selected one substance involved in the 
carbohydrate metabolism (galactose), and one in the excretory mechanisms (bromsul- 
falein). The liver was loaded intravenously with these substances, after which the 
rates of elimination were followed in the blood. 

It is often the custom in clinical work to interpret a curve qualitatively, even 
when it has been determined quantitatively in the laboratory (e.g. the glucose-toler- 
ance test). Therefore the purpose of this article is to describe our methods for the 
galactose and bromsulfalein tests, in which the rates of disappearance are quantita- 
tively expressed in one standard, viz. “‘half-life’’ (¢,)}. 

Attention was also paid to certain extrahepatic influences on ¢,, and to the dis- 
tribution volumes of galactose and bromsulfalein. 

In two further articles: * our experiences with both tests in health and in dis- 


ease will be given. 
EXPERIMENTAL 


A. Loading with galactose and bromsulfalein, and estimation 
of their disappearance curves 


All loading tests were performed under basal conditions in supine individuals 
between g and 11 o’clock in the morning, and were based on a single-injection method. 

Food was restricted in order to eliminate a time-dependent non-glucose reduction 
(interference with galactose determination) and an alimentary lipemia (interference 
with bromsulfalein determination). The often unexplained influence of food on the 
functions studied‘: ® was thereby also prevented. For practical purposes all quantities 
injected were based on body weight, although it is evident that in obese patients the 


load would be relatively too high. 


Galactose 

For the determination of the non-glucose reduction of the blood, 0.2 ml of finger- 
tip blood was obtained in duplicate. After that a solution of galactose (pyrogen-free, 
25%; 2 ml/kg body weight) was administered intravenously. This took 30-90 sec. 
When half the quantity had been injected the stop-watch was started. Then every 
3 to 5 min, 0.2 ml of capillary (fingertip) blood was taken, while the mean collecting 
time (¢,, ¢,... up to 30 min or longer) was noted in seconds. In these samples galactose 
was determined quantitatively by a slight modification of the method of BAkx®. 
The course of the disappearance curve was a measure of half-life (see B). 





* Head: Prof. Dr. G. M. H. VEENEKLAAS. 
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Bromsulfalein 


In all subjects a blank (free of haemolysis) was obtained from an intravenously 
introduced needle. Through the same needle a solution of bromsulfalein (5 mg/kg 
body weight) was administered. This test was run under the same basal conditions 
as the galactose test. The injection time was about ten seconds, as the volume of the 
bromsulfalein solution was small (concentration 40 mg of bromsulfalein per ml). 

During a period of about 20 min or longer, at intervals of 2 to 5 min, about 0.3 ml 
fingertip blood was obtained. The mean times of sampling were noted. In the serum 
samples (0.1 ml) the concentration of bromsulfalein was quantitatively determined 
by a micro-method’. In this method the results were corrected for possible hemolysis. 
Half-life was measured from the disappearance curve of bromsulfalein (see B). 


B. Analysis of the course of the intravenous loading curves (disappearance curves) 


1. Theoretical approximation 


If a substance is injected intravenously, it will disappear from the blood by: 
a) diffusion, b) excretion, c) absorption and d) chemical transformation (utilization). 
Assuming that in the above mentioned processes the velocities of disappearance 
obey first-order reactions, the overall reaction constant K can be deduced from: 


(I) 


In this equation K is the first-order constant of the total disappearance, C, is the 
(theoretical) initial blood- (plasma-) concentration, and C; is this concentration at 


time ¢. 
Since at time ¢, the initial concentration C, is halved, it follows from equation I: 


2.30 0.6 
a eee log 2 = —— min-! (2) 


ty , 
0.693 

Some substances appear to be eliminated from the blood after a rapid intravenous 
injection, according to a first-order reaction; e.g. calcium® and mannitol® and prob- 
ably glucose “in excess’’!°-!2, Both galactose!* and bromsulfalein follow this simple 
disappearance process only approximately. 

The concentration of galactose in the blood after a single injection appeared to 
depend on the equilibration rate in the extracellular fluid, on the (hepatic) utilization 4 
and on the renal excretion !*. From studies on patients with galactosemia and severe 
hepatitis it appeared that with this technique the equilibration time in the extracel- 
lular space amounted to 10-15 min. After that time the elimination of galactose was 
linearly related to the blood level until it reached a concentration of about 40 mg/ 
100 ml?%. 

As the disappearance of galactose from the blood is rather fast in children and 
infants, the determination of the elimination rate in this group is less accurate than in 
adults and in patients with liver disease. We did not evade that difficulty with a higher 
dose of galactose, because this might load the extracellular space (in osmotic equili- 
brium with the intracellular space) too much. 
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Bromsulfalein is mainly restricted to the vascular compartment, owing to its 
adsorptive tendency with the serum proteins!* 17; it is excreted by the liver to a 
large extent and by the kidneys to a small extent '*. The equilibrium in the vascular 
space is attained within about 3 min. It is possible that other tissues (reticulo-endothe- 
lial system) are also able to take up bromsulfalein . The elimination of bromsulfalein 
from the blood does not exactly follow a first-order elimination process”: 21, although 
it resembles a first order reaction more than that of galactose. Moreover in a few 
patients??-*4 the linearity between log C; and ¢ does not hold true at low concen- 
trations. In these cases the concentration of bromsulfalein decreases less than might 
be expected from a linear disappearance curve. 

This may be of clinical importance and is a recognized effect described by some 
authors as a saturation phenomenon of the liver cells?5, and by others as owing to re- 
sorption of bromsulfalein from the intestines. 


2. The graphic estimation of half-life 


Half-life was derived from the slope of the disappearance curves after initial 
equilibration. It is defined as the time (in minutes) necessary for the blood concen- 
tration to reach half the original level (at zero time). 

The disappearance rates (¢,) are determined graphically as follows: 


Galactose. The galactose concentrations are plotted on semi-logarithmic paper 
against time. A straight line is drawn through their course from about 10 min after 
loading. Concentrations below 30—40 mg/100 ml are disregarded. The point of inter- 
section with the ordinate is the starting concentration C4. ¢; is found vza the $ C »-con- 
centration. 


Bromsulfalein. The bromsulfalein concentrations are plotted on semi-logarithmic 
paper against time. A straight line is drawn through their course from about 3 min 
after loading. ¢, is determined as described for galactose. 

The point C, is of value in calculating the apparent volume of distribution of 
galactose (see under £). 


C. Reproducibility of half-life 


As the determinations of galactose and of bromsulfalein im vitro are readily 
reproducible (the standard deviation of galactose is about 1.5% and of bromsulfalein 
1%) and as their mean recoveries in vitro are about 100%, the determination of both 
substances does not create any special difficulties. Apart from the accuracy and num- 
ber of the determinations, the half-life found in an individual will depend on physio- 
logical (pathological) fluctuations in circulation time, in hepatic blood-flow, in liver 
function etc. 

Table I gives the reproducibilities of the disappearance rates found in some 
individuals in whom the galactose and bromsulfalein tests were repeated. 

Each ¢,-value was derived from about 5 to 7 blood-samples (fingertip). The fairly 
good reproducibility of the ¢,;-values is in accordance with the reproducibility found 
with other standards of elimination reported in the literature for galactose** and for 
bromsulfalein, ¢.g.21, 22, 24, 25, 

In view of this agreement these tests were not repeated on more individuals. 
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TABLE I 
REPRODUCIBILITY OF THE /3-VALUES OF GALACTOSE AND OF BROMSULFALEIN 





Galactose Bromsulfalein 





ty in min Time ty im min Time 
Name Diagnosis -— between Name Diagnosis ——— between 
I and 2 I 2 I and 2 





A.K. bronchi- 2.6 1 month K.v.d.B. rheumatism 3.8 10 days 
ectasis 
E.v.d.E. coeliac .9 5 days C.K. urticaria ; 4.95 3 days 
disease 
K.v.d.B. acute rheu- .O 10 days F.v.L. cong. circ. i .2 3 months 
matism dis. 

R.A. normal 3 months’ H.K. normal ‘ .3 3 days 
M.v.d.H. normal F.V. normal ‘ .8 1 month 
W.B. normal 13.6 4 days dog normal ; .3 4 days 

no 16 
C.V. normal 11.6 .3 I day 
F.V. normal 8.5 .5 I month 





D. Extrahepatic influences on half-life 


The equilibration in the distribution volume was discussed under B. 

As the blood transports and mixes the substances injected into the veins, circula- 
tion disturbances may influence these functional tests?’. 

This was studied both for galactose ? and bromsulfalein®. 

It is evident that the renal loss of the load substance will increase if the blood- 
level is raised for any considerable time (liver diseases). This renal loss causes, in path- 


ological cases, a tendency to decrease ¢, slightly in both the galactose and bromsul- 
falein tests. 


E. The extent of the extracellular and the plasma volume 


It is evident that the apparent volume of distribution of galactose and of brom- 
sulfalein can be estimated by these tests. Both the quantity injected and the theo- 
retical starting concentration Cy, obtained by extrapolation, are known. A disadvan- 
tage of this technique is the absence of an ideal equilibrium state owing to the blood 
concentration which changes quite quickly. This may produce a systematic deviation 
of the volume of distribution, which will depend on the overall rate of elimination. 
Ixxkos e al.!* found for glucose decreasing apparent volumes of distribution with 
increasing rates of elimination. 

We found that galactose is distributed quickly and equally between the plasma 
and red-cell water, assuming** that the water content of plasma is 935 g/l and that 
of the red cells 720 g/l. If the hematocrit is known it is possible to calculate the con- 
centration of galactose in the plasma water, Cy». From the disappearance curve Cp is 
found at the beginning of the test. As this value, together with the loading dose is 
known, the apparent distribution volume (V) of galactose can be calculated according 
to the dilution principle. With this method, V was found in go patients, in whom, 
both clinically and on the ground of laboratory tests, liver and circulatory diseases 
were improbable; all of them were over 1 year of age. It is possible to conclude from 
Table II that the mean apparent volume of distribution (Vm) is dependent on age. 
The difference between Vm below and above the age of 15 years appeared to be sig- 
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TABLE II 
MEAN APPARENT DISTRIBUTION VOLUMES (Vm) OF GALACTOSE 


In percentage of body weight, obtained according to the single-injection method in a group of 
go patients without evidence of liver or circulatory disease. 

















o: standard deviation. Om: Standard deviation of the mean. 
Age group Vim tn percentage 
years eases of body weight ‘i Om 
I- 8 14 18.7 3.4 0.91 
8-15 29 18.5 3.1 0.57 
15-22 6 15.8 3.2 1.31 
22-46 28 16.3 2.6 0.49 
> 46 13 16.2 2.8 0.78 








nificant (0.01 < P < 0.05). The age-dependence of the true volumes of galactose 
might be even more pronounced, because the higher rates of elimination of this sugar 
in the younger age group tend to decrease the apparent volumes. 

FRIIS-HANSEN*® described an analogous age-dependence in the volume of dis- 
tribution of thiocyanate, a substance which is likewise mainly distributed in the ex- 
tracellular volume. It is evident that the volume of distribution of galactose, meas- 
ured by the single-injection method, lies between those of inulin and of chloride?®. 
Our apparent volumes of distribution in adults are approximately the same as those 
for glucose found by Ikkos ef. al.12 in their non-diabetic group. They found 11.67 -+- 
0.55 litre, which means 16.7% of body weight if we assume a mean weight of 70 kg. 

The apparent volume of distribution of bromsulfalein was measured according to 
the dilution principle in 45 patients without evidence of liver disease. As in this test 
the serum may be a little diluted with interstitial fluid (fingertip blood), the volume 
of distribution found may be systematically higher than in a method based on venous 
sampling’. Table III gives the results. 


TABLE III 


MEAN APPARENT VOLUMES OF DISTRIBUTION OF BSP IN PERCENTAGE OF BODYWEIGHT (Vm) 
Estimation based on a single-injection method with capillary blood. 














o: standard deviation Om: Standard deviation of the mean. 
Age group ,, Vm in percentage 
years selena of body weight a Om 
: mae 9; same ee te Re 8 TF ey, 0S = ; 
8—16 11 4.39 0.62 0.19 
22-40 15 3.55 0.42 O.11 
> 40 8 4.15 0.64 0.2 


From these results it may be concluded that the mean volume of distribution 
(Vm) is probably not dependent on age, and that Vm is roughly the same as the 
plasma volume”. 

Dost and co-workers#*! found in g children, a mean distribution volume of brom- 
sulfalein of 4.8 + 0.9% of body weight, in our opinion a rather high value. 

BIRKENHAGER* found, in his control group of 13 adults, a mean distribution 
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volume of 2780 ml. If we assume in this group a mean body weight of 70 kg, the mean 
distribution volume appears to be about 3.97% of body weight. 

If a similar mean body weight is taken for the 10 adults in the control group of 
NEUMAYR and co-workers??, a mean distribution volume of 3.76% is obtained. It is 
evident that our results are in good agreement with those found by BIRKENHAGER 
and NEUMAYR. 


F. The advantages of the determination of half-life 


The classical determination of a retention level of a substance in the blood (for 
galactose and bromsulfalein, e.g., 15, 20, 30 or 45 min after injection) is susceptible 
to certain disadvantages that may be overcome by the use of half-life. 

To summarize the disadvantages of the classical tests: 

(1) The determination of a retention level in the blood mostly occurs in a low 
concentration range. This causes a fairly large percentage of error. Moreover, hemo- 
lysis can have a harmful influence on the colorimetric determination of bromsulfalein 
in this concentration range. 

(2) The retention level of the substance depends to a considerable extent on the 
quantity of substance injected. The half-life is less dependent on this factor, since it 
is the result of an approximate first-order disappearance reaction. 

(3) In tests without the disappearance curve, the functional reserve of the liver 
is not always obtained. This is particularly true in those loading tests of bromsul- 
falein, where the curve deviates from linearity after about Io min?®: 2%, 24, 

(4) The retention level (C; in eq. (1)) of the injected substance is related via a 
logarithmic function to the capacity of the liver. Half-life, however, is easier to visua- 
lize, because it is inversely proportional to the capacity of the liver (see eq. (3) and 
references? %). 

A disadvantage of these methods is that they are more time-consuming. 


SUMMARY 


After intravenous loading of the liver, the concept of half-life (¢,) was introduced 
as a reaction-kinetic standard of the functional capacity of this organ. As loading 
substances galactose (carbohydrate metabolism) and bromsulfalein (excretion ac- 
tivity of the liver) were used. Micro-methods allowed the determination of the dis- 
appearance curves of galactose and of bromsulfalein in adults, infants and children. 

These curves (logarithm of the concentration to time) appeared to be approxi- 
mately straight lines after equilibration of the test substance in its distribution vo- 
lume. From these lines ¢, could be derived by a graphic construction method. It was 
found that these curves are fairly reproducible, so that ¢, is a useful criterion in these 
function tests. 

In this type of dynamic liver function test the influence of extrahepatic factors 
on the rate of disappearance should be kept in mind. 

This method of analysis also permitted estimation of the apparent volumes of 
distribution of galactose and of bromsulfalein. The volume of distribution of galactose 
seemed to depend on age, and to lie between the inulin and chloride space. The volume 
of distribution of bromsulfalein lies near the plasma volume, and is probably indepen- 
dent of age. 
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Some advantages of this kind of liver function analysis are discussed. 
The results of these tests for galactose and bromsulfalein in health and disease 
will be described in a following article. 
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COUMARINS IN NORMAL AND PATHOLOGICAL HUMAN URINES 


C. F. VAN SUMERE, H. TEUCHY anp L. MASSART 


Biochemical Laboratory, University of Ghent (Belgium) 


INTRODUCTION 


Several investigations have been made of phenol and phenolic acid excretion in 
normal and pathological human urine. A wide variety of phenols has been found to 
occur in urine, either in the free state, combined with glucuronic or sulphuric acids, 
or conjugated with glycine. 

According to SIEGFRIED AND ZIMMERMANN], p-cresol is quantitatively the most 
important phenol in human urine. BoscottT?, ToMPpsETT?, and others*~* were able to 
identify different benzoic and cinnamic acid derivatives as well as #-hydroxyphenyl- 
acetic acid. 

More recently, ARMSTRONG, SHAW AND WALL! have investigated the chromato- 
graphic properties of 43 distinct phenolic acids in samples of urine from 400 indivi- 
duals, both healthy and ill, and LEDERER AND POLONSKy’ and MAsSART® have shown 
that urine of pregnant mares and urine of pigs and cows also contain several phenols 
and phenolic acids. 

The identification and subsequent investigations of the origin of these compounds 
are of considerable importance, because it is well-known that the production of 
certain phenolic acids increases in patients with vitamin C deficiency, rheumatoid 
arthritis?, phenylketonuria®: ® or cancer of the bladder?°-12. ARMSTRONG#* has shown 
that the increase of o-hydroxyphenylacetic acid in phenylketonuric urine is due to 
enhanced production rather than to an impaired mechanism for further oxidation. 
BOYLAND et al.’ 12 have proved that the urine of individuals affected with cancer of 
the bladder contains an increased amount of tryptophan metabolites, especially 
anthranilic acid, 3-hydroxyanthranilic acid and 3-hydroxykynurenine. 

Although the occurrence of the phenolic acids in urine is well established, never, 
as far as we know, have related coumarins been shown to be present in normal or 
pathological human urine. 

MEAD, SMITH AND WILLIAMS!!"!§ have identified umbelliferone (7-hydroxy- 
coumarin) and aesculetin (6,7-dihydroxycoumarin) in animal urine, but only after 
administration of either coumarin or 6-hydroxycoumarin to the test animal. However, 
due to the intimate relationship between cinnamic acid derivatives and coumarins— 
both groups of substances probably originate from the phenylalanine metabolism %— 
and also because of the coincident appearance of both groups of substances in 
plants!*-*°, seeds*!-*3, fungispores?! and yeast?>, we thought it to be of interest to 
analyse normal and pathological human urine for coumarin derivatives. The chro- 
matographic method (circular technique) for the identification of phenolic acids and 
coumarins as described by VAN SUMERE eé¢ al. ?4 was used throughout this investigation. 
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MATERIALS AND METHODS 


The 24-h urine of normal individuals and of patients suffering from leukemia, 
cancer, atrophy of the muscles or adrenal insufficiency, was collected and analysed 
for coumarin derivatives. 


Extraction of the urine samples 


Two different procedures were used to prepare coumarins of urine for chromato- 
graphy. In the first procedure, the urine sample was first evaporated 1m vacuo to a 
volume of 50 ml. The concentrated sample was extracted in a liquid-liquid extractor 
with diethylether for 24 h. The ether extract was evaporated to dryness under reduced 
pressure in a Craig apparatus, and the residue dissolved in 1 ml of ethanol. This ex- 
tract was then chromatographed. 

In the second procedure, a modification of the method of ARMSTRONG et al.! 
was used. 50 ml of urine were acidified to pH I-2 (indicator paper) by addition of 
concentrated HCl, and saturated with NaCl. The urine was then extracted three 
times with a 0.5 volume of ethylacetate. The combined ethylacetate extracts were 
shaken in a separatory funnel with successive small amounts of a 10% NaHCO, 
solution. The NaHCO, extracts were combined and acidified to pH 1-2 by addition 
of concentrated HCl, saturated with NaCl and extracted several times with small 
quantities of ethylacetate. The ethylacetate extracts were combined and evaporated 
to dryness in a Craig apparatus. The residue was dissolved in I ml of ethanol and 
applied on the chromatograms. 

Urine samples were also hydrolysed. First 125 ml of urine were made about 2N 
by addition of concentrated hydrochloric acid and then the mixture was refluxed 
for 3h. After neutralisation with NaOH, the coumarin compounds were extracted 
with ether in the liquid-liquid extractor. 


Chromatography? 


The extracts were chromatographed on 32 cm-discs of Whatman No. 1 filter 
paper. The chromatographic tank consisted of a large desiccator. Solvent was fed to 
the centre of the paper by means of a thin cotton wick from a reservoir supported 
within the desiccator. For the complete separation of the phenolic and coumarin-like 
compounds, a combination of two different systems was finally chosen. 


System 1. The paper was first dipped in a mixture of commercial formamide and 
ethanol (1/1). After drying of the paper and application of the sample, the chromato- 
gram was given a preliminary development with petrol ether (b.p. 30°—70°) as a mobile 
phase, to remove the remaining lipoid impurities from the origin. After the solvent 
had reached the desiccator rim, the paper was removed, dried and placed in a second 
desiccator with the appropriate solvent system, chloroform saturated with formamide. 


System 2. Here the paper was first buffered by being dipped ina solution of 1 
potassium phosphate of pH 7.4, and blotted and allowed to dry before the samples 
were applied. After application of the sample, the paper was again given a preliminary 
development with petrol ether and finally the chromatogram was run in sec.-butanol- 
water 4/I (v/v). 

Table I shows the Rr-values, color reactions and appearance under U.V. light of 
some coumarin compounds in these two solvent systems. 
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TABLE I 
Rp-VALUES, APPEARANCE UNDER U.V. LIGHT AND COLOR REACTION 
WITH p-NITROANILINE OF COUMARINS 








U.V. light Diazotized Rp-values 
Substance Untreated After NaOH _ p-nitroaniline System 1 System2 

Coumarin absorbing bright yellow violet I I 

Umbelliferone bright blue bright blue brown 0.43 0.97 
Herniarin violet blue violet-blue 0.03 0.83 
Scopoletin bright blue blue-green gray-green 0.67 0.91 
Aesculetin blue-white yellow* ~- brown 0.06 0.65 
Daphnetin faint yellow brown absorbing* brown 0.10 0.68 
3-HO-coumarin faint yellow white-blue brown 0.73 0.97 
4-HO-coumarin faint blue faint blue yellow 0.18 0.63 
5-HO-coumarin yellow-brown yellow-brown red-brown 0.40 0.96 
8-HO-coumarin absorbing absorbing * * red-purple 0.60 0.92 
3-HO-coumarin glucuronide ~- yellow-green violet oO 0.10 
4-HO-coumarin glucuronide - blue orange-red oO 0.09 
5-HO-coumarin glucuronide blue blue violet o 0.15 
6-HO-coumarin glucuronide blue yellow-brown gray-blue oO 0.10 
8-HO-coumarin glucuronide - yellow-green violet oO 0.14 





System 1 = CHCl,—formamide; System 2 = sec.-butanol—water (4/1; v/v) 
* = strong yellow in visible light; ** = faint brown in visible light. 


Identification of the unknown coumarins in the urine extracts was established by 
comparing, in every case, the Rr-value, the behavior under U.V. and visible light, 
and the color produced with the chromogenic spray (diazotized p-nitroaniline), with 
those of known substances with which they were suspected to be identical. 


RESULTS AND DISCUSSION 


Using this method we were able to identify traces of umbelliferone (7-hydroxy- 
coumarin) and (or) aesculetin (6,7-dihydroxycoumarin) in normal human urine; 
ferulic acid, caffeic acid, f-hydroxyphenylacetic acid and kynurenine have also been 
detected. 

The identification of urinary umbelliferone by means of the above-mentioned 
solvent systems was given further support by the chromatographic identity with the 
known test substance in four more systems. Umbelliferone ran at the same speed as 
the test solution on phosphate-buifered paper (pH 7.4), using either the water layer of 
n-butanol—acetic acid—water (4/1/5), distilled water, 10% acetic acid or ethylacetate 
saturated with 2 N ammonia as the mobile phase. The chromatographic identity of 
aesculetin with the known test substance was also shown on phosphate-buffered paper 
irrigated with 10%, acetic acid and on plain paper, using ethylacetate as a solvent. 

In contrast to the small amounts of both compounds found in normal urine, the 
urine of cancer and leukemia patients, treated with prednisone, showed generally a 
surprisingly higher content of umbelliferone and (or) aesculetin. Urine analysis of 
individuals suffering from atrophy of the muscles or adrenal insufficiency also showed 
an increase in urinary umbelliferone and (or) aesculetin. The fact that these patients 
also were under prednisone treatment seems to indicate that the umbelliferone and 
(or) aesculetin production is somehow connected with the level of corticosteroid hor- 


mones in the body. 
According to the experiments of BoscoTT AND BICKEL® and MEAD e¢ al.}®, 
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coumarin derivatives may be trace-metabolites of phenylalanine and it would there- 
fore be of interest to study the influence of prednisone on the phenylalanine metabo- 
lism. The diet may also be of some importance, for umbelliferone and aesculetin are 
present in several vegetables (particularly potatoes?) and it is likely that they can be 
excreted with the urine. However, as the umbelliferone and (or) aesculetin content in 
normal human urine seems to be lower than in the urine obtained from patients treat- 
ed with prednisone, this last supposition seems, in our case at least, to be of minor 
importance. Further experiments and quantitative determinations are in progress. 
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SUMMARY 


Normal and pathological human urines were analysed for coumarins. A circular 
paper chromatographic method for the identification of small amounts of coumarins 
and phenolic acids was used. Umbelliferone (7-hydroxycoumarin) and aesculetin 
(6,7-dihydroxycoumarin) were found in trace amounts in normal human urine. The 
urine of patients under prednisone treatment showed generally a surprisingly higher 
content of umbelliferone and (or) aesculetin. It is possible that the production of these 
coumarin derivatives is related to the level of corticosteroid hormones in the body. 


REFERENCES 


M. SIEGFRIED AND R. ZIMMERMANN, Biochem. Z., 34 (1911) 471. 

R. J. Boscott, 2nd Int. Congr. Biochem., Abstr., (1952) 349. 

S. L. Tompsett, Clin. Chim. Acta, 3 (1958) 149. 

M. D. ArmstTrRONG, K. N. F. SHAw anv P. E. WALL, J. Biol. Chem., 218 (1956) 293. 
M. D. ARMSTRONG, K. N. F. SHAW AnD K. S. Rosinson, J. Biol. Chem., 213 (1955) 797. 
M. R. NorpMAN, O. GAUCHERY, J. P. DU RuISSEAU AND Y. Tuomas, Bull. soc. chim, biol., 


} 


XXXVI, (1953) 1376, 1461 and 1641. 
7 E. LEDERER AND J. PoLonsky, Biochim. Biophys. Acta, 2 (1948) 431. 
8 L. MassartT, Giorn. di Microbiol., 2 (1956) 333. 
® R. J. Boscott AND H. BIcKEL, Biochem. J., 56 (1954) I. 

10 EF. BOYLAND AND D. C. WILLIaMs, ‘Biochem. J., 64 (1956) 578. 

11 EF. BOYLAND AND G. Watson, Nature, 177 (1956) 837. 

12 FE. BOYLAND AND G. Watson, Biochem. J., 60 (1955) V. 

13M. D. ARMSTRONG AND K. N. F. SHaw, J. Biol. Chem., 213 (1955) 805. 

44 J. A. R. Meap, J. N. SMITH AND R. T. WiL.iams, Biochem. J., 60 (1955) XV. 

15 J. A. R. MEAD, J. N. SMiTH AND R. T. WiLtiams, Biochem. J., 68 (1958) 67. 

16 J. A. R. Meap, J. N. SmMitH anpD R. T. Wittiams, Biochem. J., 68 (1958) 61. 

17 E. C. BATE-SMITH, Chem. & Ind. London, (1954) 1457. 

18 H. BORNER, Naturwiss., 42 (1955) 583. 

19 FE. K6veEs, Acta Biol. Szeged., 3 (1957) 179. 

20M. VarGA, Acta Biol. Szeged., 3 (1957) 213. 

21 A. H. Cook AND J. R. A. Pottock, J. Inst. Brewing, LI (New Series) (1954) 300. 

22 C, F. vAN SUMERE AND L. Massart, Coumarins and phenolic acids in relation to activation and 
inhibition of germination, Paper presented at the IVth Intern. Congr. of Biochem., Vienna, Sept. 
1958 (Symposium V: Antibiotics). 

23 C. F. vAN SUMERE, H. HILDERSON AND L. MAssart, Naturwiss., 12 (1958) 292. 

24.C. F. vaN SUMERE, C. VAN SUMERE-DE PRETER, L. C. VINING AND G. A. LEDINGHAM, Can, J. 


Microbiol., 3 (1957) 847. 
25 C. F. vaN SUMERE, unpublished results. 
26 C. F. vAN SUMERE, F. PARMENTIER AND L. MaAssarT, unpublished results. 


Received February 27th, 1959 





CLINICA CHIMICA ACTA VOL. 4 (1959) 


INVESTIGATION OF FACTORS INFLUENCING ERYTHROCYTE 
GLYCOLYSIS IN VITRO AND IN VIVO 


F. BUFFA, G. MARAINI anp S. CHIARLE 


Institute of Special Medical Pathology and Clinical Methodology, 
University of Turin (Italy) 


It has recently been confirmed that a significant correlation exists between the 
blood sugar level and the glycolytic activity of human red cells in basal conditions?. 
In further attempts to prove such a correlation in the same subjects by changing the 
blood sugar level through oral administration of glucose, a variable and unpredic- 
table pattern was observed. The discrepancy between the behavior of the blood sugar 
level and glycolysis might be tentatively explained on the basis of hormonal influences, 
caused by the abnormal increase of glucose concentration. 

The present investigation deals with some experiments carried out both in vitro 
and im vivo to elucidate this point. 


MATERIALS AND METHODS 


Glycolysis was determined according to Hollingsworth’s technique, as previously 
reported!. Venous blood was withdrawn with a heparinized syringe, transferred to a 
10 ml tube and centrifuged for 10 min at 3000 r.p.m. at room temperature. One ml of 
the supernatant plasma was pipetted into a 20 ml glass bottle; after removal of the 
buffy coat 1 ml of the middle layer of packed red cells was aspirated and gently mixed 
with the plasma. The hematocrit of the reconstituted sample was determined and 
this was repeated at the end of the experiment. The bottle was closed with a plastic 
cover, incubated in a water bath at 37° and agitated at a rate of 160 cycles per minute. 
Blood sugar was measured in duplicate before incubation and after 2 hours by means 
of the Somogy—Nelson method. Readings were made in a Hilger spectrophotometer at 
a wavelength of 660 my. The standard error for the determination in duplicate was 
+ 2.7 mg%. With the employed technique the number of red blood corpuscles 
(R.B.C.) of the reconstituted samples ranged from 3,360,000 to 5,200,000 and the 
amount of hemoglobin from 9.9 to 14.9%. The number of white blood corpuscles 
(W.B.C.) was found to be between o and 800 per mm*. The R.B.C.: W.B.C. ratio 
ranged from 4,000 to 50,000. The content of reticulocytes ranged from 0 to 8/9. No 
changes of the hematocrit were detected at the end of the experiments. 

The results have been expressed as mg of glucose utilized by 100 ml of R.B.C. 
per hour and reported as mean values with standard deviations. 

In the tm vitro experiments insuline, epinephrine, cortisone and adenosine 
triphosphate (ATP) were added to the blood before incubation and control samples 
were run simultaneously to which corresponding amounts of saline had been added 
instead of the substance under investigation. The doses are indicated in the tables. 

In the 7m vivo experiments blood was withdrawn at the time o and 30, 60 and 120 
minutes after the injection of insulin (10 units) or epinephrine (1 mg), or after ora] 
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administration of glucose (0.75 g/kg body weight). Healthy individuals were chosen 
for these investigations. 
The data have been analyzed statistically, using the conventional formulas. 


RESULTS 


The results can be summarized as following: 

(a) In the case of the basal values of the present series of 20 subjects, a striking 
correlation was found between the blood sugar level and the glycolytic activity. The 
mean blood sugar was 78 -++ 18 mg®% and the glycolysis amounted to 43 + 14.8 mg%. 
The correlation coefficient was significant at the 1°/9) level of probability (Table II). 
These figures are in good agreement with the ones previously reported’. 


TABLE I 
CHANGES IN THE GLYCOLYTIC ACTIVITY UNDER DIFFERENT EXPERIMENTAL CONDITIONS 





Time o After 30 min After 60 min After 120 min 








; Blood Blood Glyco- 
sugar : ; sugar lysis 
mg% 0 mg% 





Blood 
sugar 
mg% 


Glyco- 
lysis* 








Spontaneous 

variations 4 72+8.4 3249.7 65+11.3 30+5.6 67+13.4 3343.2 50+12.8 2446.4 
Glucose 

tolerance tests 6 944+24.1 56413.7115+20.7 45+13.799+33-6 4146.3 72+15.5 3846.8 
Epinephrine 

curves 4 724+15.3 474164 944+19.4 294+10.195+31.5 42+27.773430.4 3713.6 
Insulin curves 6 7147.0 3648.7 60+16.4 37+11.745+15.3 31410.649+10.7 40+8.6 





* Glycolysis expressed as mg/100 ml R.B.C. /h. 


TABLE II 


CORRELATION BETWEEN BLOOD SUGAR LEVEL AND GLYCOLYSIS 
UNDER DIFFERENT EXPERIMENTAL CONDITIONS 





No. of No. of 
cases samples 








Basal values 20 : 5.053 
Spontaneous variations 16 ; 3-017 
Glucose tolerance tests 22 ’ 0.141 
Epinephrine curves 16 ‘ 0.748 
Insulin curves 22 : 1.739 














(b) In four subjects, kept resting in bed, the spontaneous variations of the blood 
sugar level were compared with the corresponding changes in the glycolysis and the 
correlation was found to be significant (Tables I and II; Fig. 1). 

(c) During glucose tolerance tests the glycolysis appears to change quite unpre- 
dictably and there is no significant correlation with the blood sugar level (Tables I 
and II; Fig. 1). 

(d) A similar behavior was observed following the intramuscular injection of I mg 
of epinephrine; as in the glucose tolerance tests, the glycolysis had dropped at the 
30-minutes interval in contrast to the blood sugar level, which had increased (Tables I 
and II; Fig. 1). 

References p. 598 





596 F, BUFFA, G. MARAINI, S. CHIARLE VOL. 4 (1959) 
(e) After injection of ro units of regular insulin the glycolytic activity remains 
around the original level while the blood sugar drops to 63% of the basal value 
(Tables I and II; Fig. 1). 

(f) In 2m vitro experiments (Table III) no significant differences could be demon- 
strated between control samples and blood treated with epinephrine, cortisone and 
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Fig. 1. Behavior of blood sugar level and glycolysis under various experimental conditions. 


























TABLE III 
In vitro EXPERIMENTS 
Glycolysis 
mg/roo ml R.B.C./h 
No. of ot = i BW ta aioe” 
cases Mean values 
and standard 
deviation t P 
Insulin® 53 + 13.0 2.60 0.05 
controls 9 33 + 12.6 
Epinephrine? 30 + 11.4 
controls 4 32 + 14.3 0.55 0.70 
Cortisone® 40 + 8.2 
controls 4 43 + 3.2 1.21 0.40 
ATP4 40 + 7.9 
controls 4 31 + 6.5 3.02 0.10 





@ Insulin Organon: 1 unit per ml of blood. 
b Epinephrine F.U.: 0.1 mg per ml of blood. 
¢ Cortisone CIBA: 2.5 mg per ml of blood. 

4 ATP Richter: 5 mg per ml of blood. 
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ATP. The apparent depressing effect of insulin is presumably due to the presence of 
phenol in the commercial preparations, since similar differences have been observed 


on using a solution containing 17.5 mg of phenol per ml. 


DISCUSSION 


The significant correlation between blood sugar level and glycolysis observed in 
basal conditions or during spontaneous variations would suggest that the glycolytic 
activity of the red blood cells is a first order reaction by means of which the erythro- 
cytes can adjust their metabolism to the environmental conditions. 

The present observations, however, indicate that the glucose concentration can- 
not be considered as the only factor influencing the glycolysis; a tentative explana- 
tion for the observed discrepancies could be sought in the interference of hormonal 
influences, stimulated by the abnormal changes in the blood sugar level. 

In experiments carried out iu vitro insulin has been found to increase the perme- 
ability of the red cell membrane to glucose?, but no significant influence on the hexo- 
kinase activity, as previously postulated*, could be demonstrated. 

The decrease of blood sugar 7m vivo is not accompanied by a parallel decrease of 
the glycolytic activity; it might be postulated that the glycolytic activity of the ery- 
throcytes cannot decrease below certain limits for the metabolic requirements of the 
cells, but the finding of lower values in the case of fasting subjects under basal con- 
ditions rather suggests a possible role of a hormone, which can be elicited only 7 vivo. 

Similar considerations hold for adrenaline. While this substance does not cause 
significant changes 7m vitro, in vivo the increased blood sugar is accompanied by a 
striking and constant depression of the glycolysis somewhat similar to that observed 
during the glucose tolerance test. This behavior was already incidentally noted by 
VANDEPUT*. A possible inhibitory effect of higher glucose concentrations® does not 
seem to be likely, since during spontaneous variations or in basal conditions increased 
glycolysis values have been observed, which were correlated with the blood sugar 
level. 

It has been shown that epinephrine causes a decrease in the uptake of glucose 
by rat diaphragm *: 7; a similar mechanism could be postulated in the case of the red 
cells. 

The influence of cortisone on erythrocyte glycolysis has not been clearly esta- 
blished. While some authors have reported increased glycolysis in animals treated 
with cortisone’, others have observed an inhibitory effect on the 3*P turnover im 
vitro®. Our experiments 7 vitro did not show significant differences. 

ATP is possibly a limiting factor when glycolysis is determined on hemolysates”, 
but it does not appear to influence the activity of intact erythrocytes. 


SUMMARY 


While in basal conditions the blood sugar level is closely correlated with the 
glycolysis, after administration of glucose or injection of insulin or epinephrine, the 
rate of glycolysis behaves very irregularly, the alterations often being in the 
opposite direction to those of the blood sugar level. Insulin, epinephrine, cortisone 
and ATP have no significant influence 7” vitro. 
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METHODISCHE UNTERSUCHUNGEN ZUR TRENNUNG VON 
SYNTHETISCHEN STEROIDESTERN MITTELS 
DER PAPIERELEKTROPHORESE 


O. J. SCHMID*, A. ORIOL-BOSCH unp K. D. VOIGT 


Physiologisch-chemisches Institut und II. medizinische Klinik des Universitdétskrankenhauses 
Hamburg-Eppendorf (Deutschland) 


Die Papierelektrophorese, die eine breite Anwendung in Forschung und Klinik 
gefunden hat, gestattet prinzipiell die Fraktionierung von Steroidestern!. Steroid- 
hydrazone zeigen ebenfalls eine unterschiedliche Wanderung im elektrischen Feld?. 
Ihre relativ einfache Handhabung liess sie als nutzvolle Methode fiir die Analyse von 
Steroidsulfaten und -glucuroniden im Urin*~? und Blut® erscheinen. Letzte Ergeb- 
nisse lassen aber vermuten, dass neben diesen Steroidkonjugaten weitere wasserlés- 
liche Verbindungen existieren. Es erschien darum angebracht, die Bedingungen und 
Grenzen der Methode und den Einfluss von pu, Puffer und angelegter Spannung auf 
die Wanderung von Steroidestern zu untersuchen. In der vorliegenden Arbeit wurde 
das Verhalten von 8 synthetischen Konjugaten in 3 verschiedenen pH- und 2 diffe- 
renten Spannungsbereichen im Hinblick auf diese Fragen gepriift. 


MATERIAL UND METHODIK 


Die Testsubstanzen sind in Tabelle I aufgefiihrt. Beide Sulfate kommen physio- 
logischerweise im Blut und Harn des Menschen vor®. Das Hemisuccinat verdient wegen 
seiner steigenden Verwendung in der Therapie Interesse}°. Untersuchungen von OER- 
TEL UND EIK-NEs!!: !? und eigene Befunde !* lassen erwarten, dass auch Steroidphos- 
phate und Aminosduresteroide physiologisch vorkommen. 


TABELLE I 
ZUSAMMENSTELLUNG DER UNTERSUCHTEN TESTSUBSTANZEN 





Material 


Trivialname 





Chemische Bezeichnung Aa Abkiirzung 








Androstan-17-on-3a-ol-3-sulfat Androsteronsulfat A-S 
A®’-Androsten-17-on-3f-ol-3-sulfat Dehydroepiandrosteronsulfat D-S 
A*4-Androsten-3-on-17/-ol-17-glycinat Testosteronglycinat : T-G 
A‘-Pregnen-3,11,20-trion-17«,21-diol- 

21-glycinat Cortisonglycinat C-G 
A}, 4-Pregnen-3,11,20-trion-17«,21-diol- 

21-glycinat Prednisonglycinat P-G 
A}, 4-Pregnen-3,20-dion-11,17«,21-triol- 

21-hemisuccinat Prednisolonhemisuccinat Pl-H 
A}, 4-Pregnen-3,20-dion-11/,17%,21-triol- 

21-phosphat Prednisolonphosphat Pl—Ph 
Di-(44-pregnen-3,20-dion-11f,17%,21-triol)- 

21-phosphat Dicortisolphosphat Cl—Ph 





* Die Ergebnisse wurden teilweise auf dem 3. internationalen Kongress fiir Biochemie, Wien, 
1958 vorgetragen. 
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Das methodische Vorgehen ist in Tabelle II dargestellt. 1°%-ige Lésungen, bzw. 
Suspensionen der Steroidester in den angegebenen Puffern wurden 1 Stunde der 
Hochspannungselektrophorese (HSE) nach WIELAND UND PFLEIDERER™, oder 2 
Stunden der Mittelspannungselektrophorese (MSE)*® unterworfen. Fiir die HSE 


TABELLE II 
AUFARBEITUNGS-SCHEMA 





Steriodester gelést in 





Puffer H,O + Puffer 
PH pH 
er ieee te gee tier 
3-5 7.3 8.8 3.5 7.3 8.8 
Pyridin — Primares und Veronal- Natriumcitrat Primares und Veronal- 
Essigs. sekundares Natrium — HCl sekundares Natrium 
Phosphat Phosphat 
= 0.055 fh = 0.05 fh = 0.05 fh = 0.055 fb = 0.05 
ee ier kel SE 
HSE * MS Eb’ 
40 V/cm, 1 Std. 10 V/cm, 2 Sidn. 
AUSWERTUNG 
In Ring Aa-B = _17-Ketosteroide Steroide mit A minosdure- Saure Steroid- 
ungesiattigte einer Dioxyace- Steroid- konjugate 
Steroide ton- oder a- konjugate 


Ketol-Seitenkette 





Kontakt- ZIMMERMANN- SILBER UND Ninhydrin- Indikator- 

photographie’® Reaktion auf PORTER Reaktion Reaktion auf 
dem Papier? Chromogene auf dem dem Papier!® 

nach Elution?# Papier’® 

U.V. Absorption ZIMMERMANN- TTC-Reaktion 

nach Elution”® Reaktion nach auf dem Papier!’ 
Elution?° 

NaOH- 

Fluoreszenz!é 





wurden die eingewogenen Testmengen ausschliesslich im vorgesehenen Puffer, bei der 
Verwendung der MSE erst in 0.5 ml H,O dest., dem dann 0.5 ml Puffer zugesetzt 
wurde, gelést. Die Vorbehandlung des Papiers (HSE = Whatman No. 1, MSE = 
Schleicher & Schill 2043b) und die elektrischen Verhaltnisse entsprachen den in den 
Originalarbeiten angegebenen Daten. Auftragungsstelle war bei der HSE die Mitte 
der Streifen. Bei der MSE wurden die Testlésungen in Abhangigkeit von der zu er- 
wartenden Wanderungsrichtung entweder in 7 cm Abstand vom kathodischen oder 
anodischen Pol auf das Papier gebracht. Aufgetragen wurden jeweils 0.01 ml Testlé6- 
sung pro 2 cm Papierbreite. Die Ionenstarke der Puffer betrug um 0.05. In einzelnen 
Ansatzen wurde zusdtzlich das Verhalten der freien Steroidalkohole im elektrischen 
Feld vergleichend ausgewertet. 

Im unteren Teil der Tabelle II sind die zur Auswertung herangezogenen Methoden 
und die damit erfassten Strukturelemente zusammengestellt. Als Lichtquelle fiir die 
Kontaktphotographie diente eine bakterient6tende Lampe TUV von Philips, die 
liber 90% ihrer Energie bei 253.7 mu emittiert. Bei einem Abstand von 50 cm betrug 
die Beleuchtungszeit bei Whatman No. 1 10 sec, bei Schleicher & Schiill 2043b 
50 sec. Die TTC-Reaktion mit anschliessender NaOH-Fluoreszenz entsprach der Vor- 


References p. 605 








VOL. 4 (1959) TRENNUNG VON SYNTHETISCHEN STEROIDESTERN 601 


schrift von BusH!’?. Die Indikatormethode'* und die Ninhydrinreaktion’® wurden 
ohne Modifikation angewandt. Fiir die Durchfiihrung der Ultraviolettabsorptions- 
messung, der ZIMMERMANN-Reaktion”™ und der SILBER UND PoRTER-Bestimmung?! 
wurden die an einem Kontrollstreifen festgelegten Banden mit Methylalkohol abs. 
unter 24stiindigem Schiitteln eluiert. Das Eluat wurde dann den Originalvorschriften 


entsprechend behandelt. 


TABELLE III 
ZUSAMMENSTELLUNG DER LOSLICHKEIT DER TESTSUBSTANZEN IN WASSER UND PUFFER 

















Léslichkett 
H,O H,O + Puffer 1:1 Puffer 

3.5 7% 8.8 3-5 7.3 8.8 
Androsteronsulfat ] ] l wl ] wl swl 
Dehydroepiandrosteronsulfat ] ] ] wl ] wl swl 
Testosteronglycinat l ] wl swl ] wl swl 
Cortisonglycinat l l wl swl l wl swl 
Prednisonglycinat l l wl swl l wl swl 
Prednisolonhemisuccinat ] wl l wl swl ] wl 
Prednisolonphosphat ] ] ] wl l wl swl 
Dicortisolphosphat l ] l wl l wl swl 





] = leicht léslich, wl = wenig léslich, swl = schwer l6slich. 


ERGEBNISSE 


In Tabelle III ist die Léslichkeit der Steroidester in destilliertem Wasser und in 
Puffern mit verschiedenem pH angegeben. Im Wasser und im sauren Bereich sind sie 
gut loslich, zum alkalischen Bereich hin nimmt diese weitgehend ab. Durch den Kunst- 
griff, sie erst in Wasser zu bringen und dann den Puffer zuzusetzen, kann man die 
Loslichkeit erhéhen. Einige reprasentative Beispiele fiir die Elektrophorese von Ste- 
roidkonjugaten sind in Fig. 1 dargestellt. Unabhangig von der Auftragungsstelle und 
vom pH des Puffers wandern die untersuchten Steroidglycinate kathodisch. Wie aus 
der Entfernung der durch Kontaktphotographie und Ninhydrin-Reaktion bestimmten 
Flecken von der Auftragungsstelle abzulesen ist, nimmt mit steigender Alkalitat die 
Beweglichkeit ab. Als Beweis fiir die Tatsache, dass nur die Ester gewandert sind, 
tritt eine Anfarbung mit Ninhydrin bei scharfer Ausbildung der Banden nur in dem 
Bereich ein, der durch den Kontaktfleck wiedergegeben ist. Die Anfarbung mit Indi- 
kator ist ausschliesslich im sauren Bereich und bei Verwendung eines fliichtigen Puffers 
moglich. Erfasst werden damit saure Radikale. Auch hier war die Reaktion aus- 
schliesslich bei den gewanderten Steroidkonjugaten, unter denen die Sulfate die deut- 
lichste Gelbfarbung gaben, positiv. In Tabelle IV sind in mm die absoluten Wan- 
derungsstrecken und Bandenbreiten als Mittelwerte zusammengestellt. Jeder Zahl 
liegen fiir jeden pH Bereich und jede Testsubstanz mindestens 4 Elektrophoresestrei- 
fen zugrunde. Der besseren Veranschaulichkeit halber sind die Resultate in Fig. 2 
masstabgerecht graphisch wiedergegeben. Mit Ausnahme des PI-H, das in der HSE 
bei einem pH von 3.5 kathodisch wandert, bewegen sich alle sauren Steroidester in 
jedem pH-Bereich unabhangig von der Auftragungsstelle anodisch, alle basischen 
kathodisch. Bei pH 3.5 und pH 8.8 wandern in beiden Spannungsbereichen das PI-H 
und das Cl-Ph langsamer als die Sulfate und das Pl-Ph. Unterschiede der Wanderungs- 
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strecke in Abhangigkeit vom Steroidkern sind nicht zu sichern. Die generell weniger 
ausgepragte Beweglichkeit in der HSE ist zum Teil auf die kiirzere Elektrophoresezeit, 
zum Teil auf die Auftragung in der Mitte der Streifen zuriickzufiihren. Der Einfluss 


Cortison-Glycinat 


. a 
: : 7 
~ . . 


Prednison-Glycinat 





‘ 2 


Fig. 1. Verhalten von Steroidglycinaten in der Mittelspannungs- (MSE) und Hochspannungs- 
elektrophorese (HSE). Der Pfeil kennzeichnet die Auftragungsstelle, NH+ eine positive Ninhydrin- 
reaktion. Die Bilder wurden durch Kontaktphotographie gewonnen. 


der Léslichkeit auf die Trennscharfe geht am deutlichsten aus der Bandenbreite her- 
vor. Ein Effekt des pH auf die Wanderungsstrecke endlich lasst sich bei den Estern 


mit saurem Radikal nicht sichern. 
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Die Resultate sind als die Mittelwerte + einem Sigma in mm an mindestens 4 Streifen pro Ansaj 
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DISKUSSION 


Die Ergebnisse dieser Arbeit bestatigen die Méglichkeit, Steroidester papierelek- 
trophoretisch zu fraktionieren. Voraussetzung fiir eine saubere Wanderung ist ein 
Puffer, in dem sich die Verbindungen gut lésen, da die Bandenscharfe von der Menge 


pH 3.5 pH 7.3 pH 8,8 pH35 pH73 pHs 8 

mm 
90 
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Fig. 2. Schematische, masstabgerechte Darstellung der Wanderungsstrecken und Bandenbreite 

der Steroidester in der Mittelspannungs-(MSE) und Hochspannungselektrophorese (HSE). Die 

Buchstaben in den Banden entsprechen den Abkiirzungen, die zur Kennzeichnung der Test- 
substanzen in Tabelle I angegeben sind. 


an aufgetragenem Loésungsmittel abhangt und andererseits die Nachweisgrenze fiir 
die angezogenen Steroidreaktionen auf dem Papier zwischen 20 und 100 yg liegt. Die 
Schwerléslichkeit mancher Verbindungen bei einem pH von 8.8 schliesst darum diesen 
Bereich weitgehend fiir die Fraktionierung von unbekannten Gemischen aus. Fiir den 
Trenneffekt kommt dem Ladungsunterschied, den die einzelnen Ester in einem vor- 
gegebenen Milieu untereinander aufweisen, neben dem von der Molekulargrésse ab- 
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stimmt worden. 
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hangigen Reibungswiderstand die grésste Bedeutung zu. Ins Gewicht fallende Dif- 
ferenzen der Beweglichkeit in Abhangigkeit vom Molekulargewicht sind bei den Ste- 
roidestern kaum zu erwarten. Sie haben sich auch nicht aufzeigen lassen. Als Beispiel 
dafiir kann das relativ gleichformige Wandern der Steroidglycinate in einem vorgege- 
benen pH gelten. Fiir die gepriiften Konjugate fanden sich die gréssten Ladungsunter- 
schiede, gemessen an den differierenden Wanderungsstrecken, bei einem pH von 3.5. 
Einmal trennen sich in diesem Bereich in der HSE und in der MSE die Glycinate von 
den sauren Estern ab. In Abhangigkeit von der Auftragungsstelle kénnen die letzteren 
in der HSE in Sulfate, Phosphate und das Hemisuccinat fraktioniert werden, wahrend 
bei kathodischer Auftragung in der MSE wegen der Elektroendo-osmose und des 
Durchhangens der Streifen Pl-Ph mit den Sulfaten wandert und sich das PI-H und 
das Cl-Ph zusammen in einem abgegrenzten Bezirk finden. Die gute Léslichkeit in den 
Puffern dieses pH-Bereichs wirkt sich ebenfalls giinstig aus. Das relativ saure Milieu 
kann allerdings zu einer Hydrolyse der Ester fiihren. Je nach der Zeit zwischen Lésen 
und Ansetzen des Versuches kann sie erhebliche Ausmasse erreichen und so quanti- 
tativ — das frei gesetzte Steroid bleibt auf der Auftragungsstelle liegen — und qualita- 
tiv — die Hydrolyserate der einzelnen Konjugate ist sehr unterschiedlich — zu Fehl- 
schliissen fiihren. Diese Fehlerméglichkeiten sind aber gering, wenn die Testlésungen 
sofort der Papierelektrophorese unterworfen werden. Eine ausfihrliche Darstellung 
dieser Befunde befindet sich in Vorbereitung. Bei pH 7.3 ist die Léslichkeit gut, 
wenn auch etwas schlechter als bei pH 3.5. Die geringere Beweglichkeit und teilweise 
erhebliche Bandenbreite fiihrt aber zu einem schwachen Trenneffekt. Eine Ausnahme 
bildet das PI-H, das hier in beiden Spannungsbereichen vergleichsweise am weitesten 
gewandert ist. 

Zusammenfassend lasst sich sagen: Aus Griinden der Léslichkeit und der elek- 
trischen Beweglichkeit erscheint ein pH-Bereich von 3.5 am geeignetsten fiir die elek- 
trophoretische Fraktionierung von Steroidestergemischen. Die angelegte Spannung 
hat keinen, die Auftragungsstelle einen modifizierenden Einfluss auf die erreichbare 
Trennung. Konfigurationsunterschiede des Steroidkerns beeinflussen die elektrische 
Beweglichkeit der Esterverbindungen kaum. Sie wird entscheidend durch die Poten- 
tialdifferenzen der gebundenen Radikale gegentiber dem vorgegebenen Milieu ge- 
pragt. Dabei wandern alle Verbindungen ihrer Ladung entsprechend. 


DANK 


Fiir die Uberlassung von Testsubstanzen sind wir der Firma N.V. Organon, 
Oss/Holland (Testosteronglycinat, Cortisonglycinat, Prednisonglycinat, Prednisolon- 
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ZUSAMMENFASSUNG 


An 8 synthetischen Steroidkonjugaten wird der Einfluss von pu, Puffer, Léslich- 
keit, Auftragungsstelle und angelegter Spannung auf die Beweglichkeit im elektri- 
schen Feld in der Papierelektrophorese gepriift. Ein pH-Bereich von 3.5 ergab hin- 
sichtlich Léslichkeit und Trennbarkeit der Verbindungen die besten Resultate. Wegen 
der beschrankten Léslichkeit wurden bei einem pH von 8.8 unbefriedigende Resultate 
erhalten, bei einem pH von 7.3 war mit Ausnahme des Prednisolonhemisuccinats die 
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Beweglichkeit geringer und die Bandenbreite grésser. Die angelegte Spannung hatte 
keinen, die Auftragungsstelle einen modifizierenden Einfluss auf die erzielte Trennung. 


SUMMARY 
INVESTIGATION OF THE SEPARATION OF STEROID ESTERS BY PAPER ELECTROPHORESIS. 


The influence was investigated of pH, buffer, solubility, place of application and 
voltage on the mobility of 8 synthetic steroid conjugates in paper electrophoresis. 
As regards solubility and separation of the compounds, the best results were obtained 
at a pH of 3.5. At pH 8.8, the results were unsatisfactory due to poor solubility, at 
PH 7.3 lower mobilities and wider bands were found for all substances except pred- 
nisolone hemisuccinate. The applied voltage had no influence on the desired separation, 
whereas this was affected by altering the site of application. 
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SHORT COMMUNICATION 





Uptake of potassium by erythrocytes in relation to their 
glucose consumption 


In 1923 and 1924 Briccs et al.1 and HARROP AND BENEDICT? found a decrease in 
serum potassium after administration of insulin to normal or diabetic men. Later it 
was shown that this effect is due to a displacement of potassium from the extracellular 
to the intracellular space. Administration of glucose likewise resulted in a decrease of 
serum potassium °. 

In 1942 BoYER ef al. demonstrated that there is a relationship between muscle 
glycolysis and potassium. That a similar relationship exists in the case of human 
erythrocytes was confirmed by PRANKERD®5 in 1955. 

In 1941 DANOwsSKI® found that the uptake of potassium by human erythrocytes 
is related to their glucose consumption. 

We became interested in the question whether this potassium uptake by the red 
cells is an index of their glycolytic activity. Years ago it was demonstrated, that in 
diabetic red cells glycolysis is lowered’; in some other diseases, however, blood 
glycolysis may be elevated *. 

The method used in the investigation was as follows: blood from fasting men was 
collected with heparin (0.05 mg/ml) under liquid paraffin, separated into several parts, 
also under paraffin, incubated at 37° and periodically gently mixed. The potassium 
content of the plasma was measured with an interference flame photometer (Kipp, 


Delft, 1954); the glucose content was determined according to the method of Hage- 
dorn and Jensen. Determinations were carried out after 0, 3, 6 and 26 hours, the first 
determination being within 10 minutes after withdrawal of the blood. 

For 10 normal males we found at zero time a plasma potassium content of 
4.08 + 0.05 mequiv./1 and a glucose content of 93.5 + 0.77 mg/100 ml; the potassium 
concentrations after 3, 6 and 26 hours were 3.53 + 0.06, 3.55 + 0.06 and 6.77 + 














Fig. 1. Potassium content of plasma of ro normal males. 
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0.09 mequiv./l (Fig. 1); the glucose had completely disappeared from the plasma 
after 7-8 hours. 

The maximal potassium uptake was 13.4% of the zero values, the corresponding 
glucose consumption rate was 12.5 mg/h/100 ml blood. In 26 normal individuals, there 
was a remarkable correlation between the potassium uptake of the red cells and 
their glucose consumption rate (Fig. 2). 
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Fig. 2. Relation between the potassium uptake of red cells and their glucose consumption rate. 


When the plasma glucose had vanished, the cells began to lose their potassium at 


an almost linear rate in the first 20 hours. 
We also determinated the potassium uptake and glucose consumption rate of 


fasting blood from patients with various diseases (Table I). 


TABLE I 








Number Max. Glucose 
of Disease K ‘ consump- 
patients oh zh 6h uptake tion rate 
% mg [h 


mequiv./K/l plasma 








Insulin hyper-sensitivity 4.20 3.58 3.18 24.0 
Hepatitis inf. 4.40 3-62 20.9 
Hemolytic anemia 4.00 3.28 3.18 : 20.5 
Hyperthyreosis 4.60 3.90 3.85 : 17.2 
Asthma 4-34 3.78 6 : 17.0 
Carcinoma 4.51 4.00 ; ' 15.2 
Normal individuals 4.08 3.52 : . 13.4 
Asthma (attacks) 3.85 3.41 : : 11.2 
Diabetes mell. 4-30 3.89 ; ‘ 8.9 
Hypochr. anemia 4-37 4.00 : 8.8 
Acidotic diabetes mell. 4-35 4.05 F , 7.0 
Renal insuff. 4.60 4.50 ; 5.5 
Diseases requiring therapeutic 3.85 3.61 ; ; 5-4 
cortison doses 
Cirrhosis hepatis 3.85 3.61 
M. Addisoni 4.21 4.13 i 
Hypokalemia 3.07 3.03 ‘ 85 0.85 


_ | al 
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From this table it can be seen that the red cells can be divided into a group with 
normal potassium uptake activity as compared with normal cells, a group with a 
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potassium uptake and glucose consumption rate statistically higher than normal, and 
a group with a much smaller uptake. 
We found from the figures that there was a correlation between the rate of the 
potassium uptake by human erythrocytes and their glucose consumption rate. 
Therefore this potassium uptake test seems to us a valuable method of determin- 
ing the metabolic activity of the red cells under various conditions. 


Medical Clinic, 
University of Utrecht (The Netherlands) A. J. HOUTSMULLER 
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